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INTRODUCTION 
Economic yield of soybeans (Glycine max (L.) Merrill) is dependent 
on the amount of photosynthate produced by the plant. It has been 
suggested that the upper leaves of the canopy produce the majority of 
the photosynthate for the plant. Johnson et al. (1969) showed that 
supplying supplemental light to the lower leaves increased the yield. 
Curtis, Ogren, and Hageman (1969) found that high yielding cultivars 
permitted deep penetration of light into the canopy and also had a large 
leaf area with which to produce photosynthate. Investigations of the 
light penetration into soybean canopies have shown that most of the 
incident light is intercepted by the upper leaves (Sakamoto and Shaw, 
1967a; Lemeur, 1973). 
Very little is known about the actual distribution of photosyn­
thesis within the soybean canopy, other than what has been inferred 
from the light penetration experiments (Sakamoto and Shaw, 1967a). Also, 
little is known about canopy profiles of photosynthesis when measured 
throughout the day. There are numerous suggestions in the literature 
that stomatal aperture may decrease in the afternoon and limit photo­
synthesis under high light irradiances. The relationship of photosyn-
thetically active radiation (PAR) and photosynthesis within soybean 
canopies has not been determined. To predict or model the photosynthetic 
production for an entire soybean canopy, it becomes necessary to know 
the distribution of photosynthesis, as well as, what limiting factors 
are present and under which environmental conditions these parameters 
become limiting. 
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This researrh was designed and implemented with the following 
objectives: 
1) Investigate the attenuation patterns of visible and near-
infrared radiation within soybean canopies. 
2) Determine a mathematical expression for the attenuation of 
photosynthetlcally active radiation (PAR) within soybean canopies as a 
result of measuring the attenuation patterns of PAR at various growth 
stages and sun angles. 
3) Investigate canopy distributions of COg uptake, leaf PAR, 
stomatal resistance and leaf water potential for two cultlvars and 
evaluate the possible relationships between these parameters. 
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LITERATURE REVIEW 
The final harvested yield of a plant depends upon the ability of 
that plant to cope with Its environment during the growing season. 
The yield of a plant comes from its photosynthetlc production, that Is, 
the conversion of light and carbon dioxide to carbohydrates and other 
biochemical products. Therefore, there are a number of environmental 
parameters which may influence the photosynthetlc output, e.g., light, 
leaf water potential, stomatal resistance, wind speed, and the CO^ 
uptake patterns within the canopy. Idso (1968) cautions that in 
examining the environmental-plant relationships one must be aware of 
the hierarchy of interactions. For example, the main factors affecting 
photosynthesis are light and the availability of CO2 to the leaf, 
while secondary limiting factors may be leaf water potential, stomatal 
resistance or leaf teii^>erature. 
Light Penetration into Soybean Canopies 
Characterization of soybean canopies 
Soybean canopies have been characterized as having mainly a hori­
zontal leaf angle display (Blad and Baker, 1972; Ito and Udagawa, 1971). 
However, Lemeur (1973), in research with the Amsoy cultlvar. described 
the upper portion of the canopy as having an erectophlle appearance. 
In studying the leaf orientation-adjusting movement of soybean leaves, 
Kawashlma (1969b) found that the leaf angle in the upper part of the 
canopy was approximately 30° on cloudy days and increased to 60° on 
bright, clear days. He suggested that the leaf orientation-adjusting 
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movement acts on the principle of the equalization of light Intensity 
on all leaf surfaces In the canopy. Based on these results, he 
suggested that the leaf orientation-adjusting movement would permit a 
deeper penetration of light into the canopy. Blad and Baker (1972) 
found that the leaf inclination distribution for their cultivars was 
planophile, i.e., horizontal in appearance, during most of the growing 
season, but also reported that in the early growth stages, leaves of 
all angle classes were present. Ito and Udagawa (1971) reported that 
the leaf angle of their soybean canopies was between 30° and 40° from 
the horizontal. The observed differences in leaf angles between 
investigators are related to the variety under consideration (Lemeur, 
1973). 
No preferential distribution of leaf area with respect to the 
azimuth has been shown for soybean canopies (Blad and Baker, 1972; 
Itc wild Ud*igs"2, 1971/. LtCiuStir (1973) fowZ#d thst Aîssoy soybeans 
have a random azimuthal distribution except for the north direction 
where a distinct probability maximum exists. He stated that the 
reason for this preference in distribution was unclear. Blad and Baker 
(1972) reported a random azimuthal distribution except for one side of 
the canopy and suggested that this difference may be due to the direc­
tion of the prevailing winds. 
Blad and Baker (1972) reported that the distribution of leaf area 
on the soybean plant was concentrated in the upper portions of the 
canopy. They stated that as the lower leaves senesced during the 
season, the relative amount of leaf area in the upper portions of the 
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canopy would increase, Ito and Udagawa (1971) observed that the maxi­
mum leaf area density was in the upper 80% of the canopy. 
Light distribution models 
Monsi and Saeki (1953) first proposed that light penetrating 
through a plant canopy would closely obey the Bouguer-Lambert law for 
extinction through a homogeneous medium. Based on that formula, given 
in Eq. 1, the light intensity at any level in the canopy may be calcu­
lated if one knows the amount of leaf area above the point in question, 
the light intensity incident upon the canopy and the extinction pattern 
for the canopy. The Bouguer-Lambert law is expressed as 
1 = 1 ^  e x p ( - k L )  ( 1 )  
where I is the calculated light intensity at the point in question, 
is the light intensity incident upon the canopy, k is the extinction 
coefficient, and L is the leaf area index above the point in question. 
The parameters of leaf angle and angle of the incident beam of radiation 
have been incorporated into this formula to inçrove its applicability 
to any number of crop canopies (Anderson, 1966). 
Monsi and Saeki (1953) related Eq. 1 to the light distribution 
within canopies and assumed that the value of k remained constant with 
depth in the canopy. From their calculations k was found to be 
approximately 1.0 for canopies with mainly horizontal leaves and 
decreased when the leaf angle became more vertical. Warren Wilson 
(1965, 1967), using point quadrats,examined the relationship between 
leaf area, leaf inclination, and corresponding sunlit leaf area at 
various sun angles. This approach was further used by Anderson (1966) 
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in developing relationships between these factors for a number of 
theoretical canopy structures. Generally, the results of these workers 
have shown that as the leaf angle becomes more vertical, a greater 
amount of leaf area Is exposed to direct sunlight (Anderson, 1966). 
Lemeur (1973) applied the factors of leaf Inclination and azlmuthal 
leaf distribution to the theoretical calculation of photosynthesis for 
soybean canopies and found that most of the canopy production was due 
to the upper leaves. He also stated that the more erectophile upper 
leaves would permit a greater photosynthetlc contribution from leaves 
lower in the soybean canopy. Most notably, this relationship between 
leaf angle, sun angle and sunlit foliage area has been used in a 
number of simulation models relating crop morphology to crop yield 
(de Wit, 1965; Duncan et al., 1967). 
The Bouguer-Lambert law has been applied to soybean canopies by a 
nu!!i»er of researchers (Sakajsoto and Shaw, 1967a; Singh, Peters, and 
Pendleton, 1968; Luxmoore, Millington, and Marcellos, 1971; Hansen, 
1972). Sakamoto and Shaw (1967a) reported that the Bouguer-Lambert law 
described the light distribution in soybean canopies and found the 
value of k to range from 0.25 to 0.49 depending on the growth stage 
and row spacing. Singh et al. (1968) also found that the Bouguer-
Lambert law described the light penetration into soybean canopies and 
reported that the visible region of the spectrum more closely obeyed 
Eq. 1 than did the attenuation of net radiation. Hansen (1972) 
examined various defoliation treatments on soybean cultivars, and 
reported that the Bouguer-Lambert law accounted for 98 to 99% of the 
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variability when -ln(I/I^) was regressed on the cumulative leaf area 
index. This regression approach used by Hansen to determine k repre­
sents the common accepted procedure for experimental light penetration 
data. 
However, Luxmoore et al. (1971) reported that the Bouguer-Lambert 
law did not represent the light penetration through a soybean canopy 
because the k value was not constant with height. They found that in 
the upper portion of the canopy the extinction coefficient was approxi­
mately 1.6 and decreased to approximately 1.0 for the rest of the 
canopy. They postulated that the reason for the large extinction 
coefficient in the upper portions of the canopy was due to horizontal 
leaves in that canopy strata. Since the k value was not constant with 
depth, they concluded the Bouguer-Lambert law did not apply and should 
not be applied to light-photosynthesis distribution models for soybean 
row canopies. The reason for the discrepancy between reports of 
various investigators may be due to the representation of the k with 
respect to canopy parameters. Luxmoore determined his k as a function 
of LAI within a canopy strata while other investigators have determined 
the k values as a function of the cumulative LAI of the canopy (Sakamoto 
and Shaw, 1967a; Hansen, 1972). Anderson (1966) suggested that the 
value of k would not be expected to remain constant with depth in 
canopies even when the canopy is at a constant leaf inclination, except 
possibly when the leaf angle is horizontal. Verhagen, Wilson, and 
Britten (1963) found that for a number of different species the extinc­
tion coefficent varied during the growth of the canopy over the season. 
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Saekl (1960) related the light distribution to the total photo-
synthetic capacity for a plant community and proposed the following 
equation for light distribution within a canopy 
I = I^k exp(-kL) (2) 
(1-m) 
where I, k, and L are as previously defined for Eq. 1 and m is the 
leaf transmisslvlty. Therefore, in Eq. 2, (1-m) would represent the 
amount of light absorbed and reflected by the leaf. Using this approach 
he examined the relationship between the optimum leaf area and the total 
photosynthetic capacity of plant canopies. He found that at high light 
intensities, the maximum photosynthetic output occurs in a canopy with 
a small k value, while at low light intensities the maximum occurs in 
canopies with larger k values. À smaller k value represents less 
attenuation of light (Saeki, 1960). 
Monteith (1965) proposed a model for the light distributions with­
in plant canopies based on a parameter, s, which represents the fraction 
of light passing through a layer without being intercepted. The formu­
lation of Mbntelth's model is expressed as 
I = I^(s + (l-s)t)^ (3) 
where I, and L are as previously defined for Eqs. 1 and 2, and s is 
the fraction of the incident radiation passing through a layer without 
being intercepted by any leaf or stem. The quantity (l-s)t represents 
the fraction of radiation transmitted through a unit leaf area index, 
where t is the mean leaf transmission coefficient. Monteith described 
t as the transmission of light through a leaf in the visible wavelength 
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region of the spectrum. Gupta and Woolley (1971) reported that the 
transmission of visible light through a soybean leaf was less than 5% 
and this value was independent of leaf age. From his model, Monteith 
calculated the amount of leaf area that is directly exposed to direct 
sunlight and also the amount that is once shaded. He related these 
amounts to a photosynthetic prediction curve for those leaf areas to 
calculate the photosynthesis of a canopy. Paltridge and Austin (1971) 
have applied Monteith's equation in a simulation model for sugarbeet 
(Beta vulgaris L.) growth and development. They determined the photo-
synthetic response to light for sunlit leaves and once shaded leaves 
and developed their model from these parameters. 
Warren Wilson (1967) cautions that Monteith's formula for calcu­
lating the area of sunlit foliage is only applicable when the leaf angle 
is less than the sun angle and when the sun angle is at its maximum. 
However, this does not appear to be a drawback in application to soybean 
canopies since soybean canopies have a nearly horizontal appearance 
(Blad and Baker, 1972; Ito and Udagawa, 1971). 
Regardless of the light distribution model used for soybean cano­
pies, investigators agree that the majority of the incident radiation 
is intercepted by the upper portion of the canopy (Sakamoto and Shaw, 
1967a; Shaw and Weber, 1967; Beuerlein et al., 1971; Ito and Udagawa, 
1971; Lenieur, 1973). Hicks et al. (1969) compared light distributions 
through various canopy types, and reported more light penetrated deeper 
into the narrow leaflet type than into normal type canopies, especially 
in the upper strata of the canopy. Kawashima (1969a) found that a large 
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portion of the light was Intercepted In the upper strata of the canopy 
where the leaves which exhibited leaf orientation movements were 
located. Based on these observations, he suggested that It would be 
necessary to relate the light distribution pattern to the photosynthetlc 
capacity for each of the leaf orientation movements. Singh et al. 
(1966) reported that 70% of the Incident light was Intercepted by 
leaves In the upper quartlle of the soybean canopy. 
The attenuation of light has been observed to be different for 
visible and near-infrared wavelength regions (Kumura, 1969b). He 
calculated the extinction coefficient for the visible region (380-700 
nm) to be approximately 0.80 while that for the near-infrared region 
(700-1100 nm) was only 0.34. This similar pattern has been reported by 
a number of other researchers for a variety of crops (Allen and Brown, 
1965; Scott, Menalda, and Brougham, 1968). Sinclair and Lemon (1973) 
reported that the attenuation of 660 nm radiation in corn (Zea mays 
Lo) was rapid while the 730 nm wavelength was highly scattered by the 
leaves. Consequently, the radiation within com canopy was enriched 
with 730 nm radiation with increasing depth. Singh et al. (1968), after 
observing no difference in the attenuation patterns for the wavelengths 
in the visible region, suggested that a single detector would suffice 
for the measurement of radiation in this portion of the spectrum. 
Ito and Udagawa (1971) observed that the patterns of extinction 
varied over the time of the day. They found that when the sun angle 
was greater than 40° the extinction coefficient was independent of sun 
altitude but when the altitude was less than 40° it Increased 
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drastically. They also noted that the extinction coefficient was 
independent of the growth stage of the canopy. 
A recent, comprehensive review of the literature relating foliage 
structure to photosynthesis was done by Monsi, Uchijima and Oikawa 
(1973). For more complete detail the reader is referred to that report. 
Light Effects on Photosynthesis in Soybean Canopies 
Calculation of photosynthetlc productivity from llRht intensity 
Duncan et al. (1967), de Wit (1965) and Brown (1969) have shown 
that the response of Individual leaves to changing light conditions is 
best approximated by that of a rectangular hyperbola. The formula 
given by Duncan et al. (1967) is 
P = ^max ^  (4) 
I + 1.5 
where P is the photosynthetlc rate, I is the light intensity on the leaf, 
Fmax is the maximum rate o£ photosynthesis under light saturated condi­
tions, and I c is the light intensity at which one-half of P ^  occurs. 
Net photosynthesis can be accounted for very easily in this foirmulation 
by subtracting respiration from the right-hand side of Eq. 4 (Duncan 
et al., 1967). The application of this formula to soybean canopies 
requires that one knew the maximum photosynthetlc rate and the corre­
sponding light saturation value as well as the light intensity at half 
maximum photosynthesis. 
McCree and Loomls (1969) examined the effects of fluctuating light 
on the photosynthetlc rate of cucumber (Cucumls sativus) leaves under 
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field conditions and concluded that It was valid to compute canopy 
photosynthesis from leaf photosynthetlc rates determined under steady 
state light conditions for the various fluctuating light regimes 
likely to be found In nature. The causes of fluctuating light in 
natural conditions Include changes in solar position, movement of 
clouds across the sun and movement of the leaves. They stated that 
plants were perfect Integrators of photosynthesis, not of light. If 
the fluctuating light values were averaged and the photosynthetlc rate 
was calculated, then the predicted results were much different than 
the actual results. However, If the photosynthetlc rate was calcu­
lated for each of the light values and then was averaged, the pre­
dicted and the actual results agreed very closely (McCree and Loomls, 
1969). From these results, they suggested that any attençt to calcu­
late canopy photosynthesis should include the irradiance and photo-
synthetic efficiency for each leaf in the canopy. 
Brown (1969) Included in his formula for the calculation of photo­
synthesis the diffusive resistance to carbon dioxide and showed that 
this was much improved over the formula given in Eq. 4. Connor, Brown, 
and Trlica (1974) worked with shortgrass prairie and suggested that the 
following functional model would be appropriate for the calculation of 
photosynthesis 
P = I(l-exp(-L cosa)) C(ETP)(EWP) (5) 
where P is the photosynthetlc rate expressed in mg COg dm ^ hr \ I is 
the light Intensity on the canopy, L is the leaf area index of the 
canopy,a is the mean leaf angle, and C is the slope of the linear 
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portion of the photosynthetlc-lrradlance relationship. ETP Is the 
effect of tenqperature on the photosynthetlc rate, and EWP Is the effect 
of leaf water potential on leaf photosynthesis. Equations 4 and 5 have 
been applied to canopies and Include a dally integration of photosyn­
thetlc rates to determine canopy photosynthetlc output (Connor et al., 
1974; Montelth, 1965). 
Light saturation of photosynthesis in soybean leaves 
Domhoff and Shibles (1974) reported that the earlier formed 
leaves on soybean plants have a lower light saturation Intensity than 
do the older leaves and that the maximum net carbon exchange occurs at 
a temperature range of 26-35 C with an Irradiance of approximately 
340 W m These authors observed this «aximum in net carbon exchange 
of soybean leaves to occur 2 to 6 days after full expansion of the 
leaf. Singh, Ogren and Widholm (1974) observed that soybeans had a 
—2 — i 
maximum net photosynthetlc rate of 35 mg COg dm hr and that the 
prior shading conditions caused the leaves to saturate at less than 100 
klux. They suggested that the reason for the increased light intensity 
required for saturation of photosynthesis in plants grown under high 
light conditions was due to increased specific leaf density (Singh 
et al., 1974). Dornhoff and Shibles (1970) had earlier shown that 
there was a significant positive correlation between the specific dry 
weight density and the photosynthetlc rate between genotypes of soy­
beans. Bowes, Ogren, and Hageman (1972) reported similar results when 
they related the prior light regime of the leaf to the light saturation 
value. They found that the more shade a leaf received during growth. 
14 
the lower the light saturation value. Beuerlein and Pendleton (1971) 
observed that it was the light regime and not the leaf age which 
caused lower leaves in soybean canopies to saturate at lower levels of 
light than the top leaves. Pearce, Brown, and Blaser (1968) reported 
that alfalfa leaves which remain under high light intensity remain 
photosynthetically active much longer than those which become shaded. 
Kriedeman, Neales, and Ashton (1964) examined laboratory grown soybean 
4 - 1  
plants and found that light saturation occurred at 17 x 10 erg sec 
cm " (2.44 cal cm ^min "). They also reported that the net photosyn-
thetic rate of the leaf decreased as the angle of the incident light 
beam became parallel to the leaf. This effect was due to decreasing 
the light intensity per unit area of the leaf (Kriedeman et al., 1964). 
Kumura (1968b) reported that the earlier the beginning of shading, 
the greater the depression of the photosynthetic capacity at the higher 
light intensities e He- observed an increase in the photosynthetic rate 
of soybean canopies when the proportion of diffuse li^t increased, 
even though the intensity of the diffuse light was much below that of 
the light saturation levels (Kumura, 1968a). He also reported that the 
photosynthetic properties of a single leaf varied with the position on 
the stem. Before maturation of the upper leaves, the middle leaves 
had the highest photosynthetic capacity, while after maturation the 
upper leaves had the highest photosynthetic capacity. 
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Photosynthetlc output of soybean canopies 
Jeffers and Shlbles (1969) reported that the photosynthetlc output 
of soybean canopies was Influenced by a leaf area Index-solar radia­
tion interaction. These authors observed that at low light intensities 
(0.2 ly min""^), the maximum photosynthesis was attained at a LAI of 5 
to 6, while at the high light intensities photosynthesis increased to 
the highest LAI obtained. This increase in photosynthesis was due to 
increased photosynthesis by leaves in partial light (Jeffers and 
Shibles, 1969). They suggested that a large portion of the photosyn­
thesis at low light intensities could be attributed to photosynthesis 
by stems and petioles. They observed that light saturation occurred 
if the temperature exceeded 30 C and said that this should be of 
concern because air temperatures often exceed 30 C during Iowa summers. 
Earlier, Sakamoto and Shaw (1967b) reported that light saturation of 
Hawkeye soybean canopies occurred at approximately 6000 ft-candles. 
This value remained constant throughout the growing season and began 
to decline only when the leaves began to yellow. However, Egli, 
Pendleton, and Peters (1970) reported light saturation only for Harosoy 
normal canopies, while canopies of Harosoy narrow leaf and Wayne were 
not light saturated under field conditions at varying concentrations 
of COg. From these observations, the authors suggested that both the 
supply of COg to the reaction site in the leaf and the radiant energy 
available for the fixation of carbon were limiting apparent photosyn­
thesis of soybean canopies (Egli et al., 1970). 
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Johnson et al. (1969) examined the effect of supplemental light 
In soybean canopies and reported a 17% increase in yield when supple­
mental light was made available to the lower leaves. The response to 
supplemental light was most pronounced in the lower and middle posi­
tions where yields increased 30 and 20%, respectively. They concluded 
that, although shaded middle and lower leaves lack the ability to 
photosynthesize at rates coiq>arable to young leaves when exposed to 
full sunlight, they could contribute more to seed yield if more light 
was available (Johnson et al., 1969). This is consistent with the 
findings of Sakamoto and Shaw (1967b) which suggested that the primary 
photosynthesis of soybean canopies was due to the upper leaves. 
Curtis, Ogren, and Hageman (1969) found that differences in photo-
synthetic rate were not the sole cause of observable cultivar differ­
ences in soybeans. For their cultivars, the prime factor in yield 
production was the total photosynthate produced. Photosynthate pro­
duction is a function of photosynthetic rate, leaf area, and the 
length of the period of photosynthetic productivity. They concluded 
that the higher yielding Amsoy and Harosoy 63 cultivars permitted a 
deeper penetration of incident light into the canopy than the lower 
yielding Wayne, but this factor appeared to be less important than the 
total leaf area (Curtis et al., 1969). 
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Limitations to Photosynthesis in Leaves 
Res is tances to carbon dioxide uptake 
Gaastra (1959) concluded that the transfer of COg to the chloro-
plast in the leaf was often limited by the leaf resistance. These 
resistances could be divided into three components; air, stomatal, and 
mesophyll resistances. He found that under high light intensities the 
variation in mesophyll resistance was much larger than stomatal resis­
tance and that differences in photosynthesis between species were due 
primarily to differences in stomatal resistance. Kesketh (1963) concurs 
with this observation and also found that critical differences between 
species were due to mesophyll resistance. El-Sharkawy and Hesketh 
(1965) also reported that species differences in photosynthetic rate 
were due to leaf resistances and observed that soybeans possess a high 
mesophyll resistance compared to other species. It has also been 
reported that net photosynthesis differences in soybean cultivars were 
due to differing stomatal and mesophyll resistances (Dornhoff and 
Shibles, 1970). It has been observed by Holmgren, Jarvis, and Jarvis 
(1965) that within a species the variation in stomatal resistance was 
large while the variation in mesophyll resistance was small. This 
lead the authors to conclude that stomatal resistance would limit 
photosynthesis. 
Brown (1969) suggested that any attempt to calculate the photo-
synthetic rate of a leaf should include the components of leaf resis­
tance to COg diffusion. Hesketh (1968) postulated that there may be 
two factors limiting the photosynthesis of leaves, the CO^ diffusion 
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resistance and the biochemical reactions inside of the leaf. Chartler, 
Chartler, and 2atsky (1970) suggested that in bean (Phaseolus vulgaris 
L.) leaves, mesophyll resistance may strongly limit the photosynthetic 
rate of leaves in near optimal conditions at saturating light intensi­
ties and that these physical resistances may be more limiting than the 
biochemical reactions, Holmgren et al. (1965) suggested that photosyn­
thesis may be limited by internal factors; 1) the activities of enzymes 
within the chloroplast and 2) the resistances of CO2 transfer to the 
reaction sites within the chloroplast. 
Since the port of entry for COg to the leaf is the stomatal pores, 
there are a number of reports dealing with the relationship of stomatal 
resistance to the photosynthesis of leaves (Harris, 1973; Turner and 
Incoll, 1971; Neumann et al., 1974; Dubé» Stevenson, and Thurtell, 1974). 
The relationship suggested by these researchers for a number of crops 
was curvilinear. The photosynthetic rate was not affected below a 
critical resistance value but decreased rapidly If the stomatal resis­
tance was greater than the critical resistance. 
Kuiper (1961) observed oscillations in stomatal aperture and 
reduced photosynthesis in bean leaves. He suggested that the photo­
synthesis of the guard cell chloroplasts and the response of the guard 
cell to COg were under the control of a stomatal feedback mechanism. 
In soybeans, Upmeyer and Roller (1973) found the net photosynthetic 
rate of leaves declined in a constant environment and stated that 
internal-factors were responsible for this decline. These authors 
suggested that the mechanism causing this reduction in COg uptake was 
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due to a decrease In the mean stomatal aperature, an Increase in the 
liquid phase resistance to COg transport through the mesophyll, and/or 
Increased chemical resistances in the chloroplasts. From these 
results, they postulated an association between carbohydrate levels 
and photosynthetic trends. This relationship was suggested to work in 
the following manner. When high starch levels occur in the leaf, 
further starch synthesis is impaired, leading to an increase in soluble 
carbohydrate levels. This buildup results in a reduction of the net 
photosynthetic rate. Pallas (1973) also observed a sinusoidal 
behavior of photosynthesis during the day and suggested that endogenous 
rhythmic changes were responsible for this rhythm. He also noted that 
there was a lack of symmetry between photosynthesis and transpiration 
which suggests that increases in stomatal resistance were not solely 
responsible for the observed changes in photosynthetic rate. 
Effect of temperature on rate of photosynthesis 
Gaastra (1959) from his experiments concluded that under light 
saturated conditions, the rate of photosynthesis is independent of 
temperature in the range of 15 to 30 C. In soybeans it appears that 
the rate of photosynthesis is independent of temperature between 25 and 
35 C (Domhoff and Shibles, 1970). Lalng, Ogren, and Hageman (1974) 
reported that net photosynthetic rate was a function of temperature up 
to 25 C but there was no increase at 35 C when plants were grown in 
atmospheric concentrations of ooygen. In field experiments, Jeffers 
and Shibles (1969) showed a temperature-solar radiation interaction 
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which caused the maximum net photosynthesis of canopies to decrease at 
temperatures above 30 C. 
Hew, Krotkov, and Canvln (1969) reported that apparent photosyn­
thesis Increased with Increasing temperature from 20 to 40 C and the 
rate of Increase was affected by both light and oxygen concentration. 
Hofstra (1972) related temperature to the soybean growth and said that 
In the temperature range of 27 to 30 C, photosynthesis may be limiting 
growth, while at 21 to 24 C slow growth may be limiting carbon assim­
ilation. Trehame and Eagles (1970) postulated that changing tençera-
ture could have two effects on photosynthesis; 1) short-term exposure 
to various temperatures could affect the diffusion of gases into and 
out of the leaf, and 2) different growth temperatures could result in 
different anatomical and morphological characteristics of leaves, as 
well as different photosynthetlc capacities in terms of amount and/or 
activities of enzymes. 
Effect of prior temperature on photosynthesis 
Perhaps, even more important to the photosynthetic response of 
plants is the temperature of the previous night. Peters et al. (1971) 
showed that final soybean yields were reduced by subjecting the plants 
to warm night temperatures (29.4 C). There are numerous reports in Che 
literature which suggest that photosynthetic output may respond very 
quickly to cool night temperatures (Izhar and Wallace, 1967; Taylor, 
Jepsen, and Christeller, 1972; Taylor and Rowley, 1971; Crookstcn et 
al., 1974). Izhar and Wallace (1967) observed that in beans the net 
COg uptake was reduced after low night temperatures with a gradual 
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return to normal CO^ uptake rates. Taylor and Rowley (1971) reported 
that when the leaf, shoot, and root temperatures of a plant were 
cooled to chilling levels (10 C) the photosynthesis of the leaves 
was Immediately reduced. From this it was suggested that the tenpera-
ture-induced reduction in photosynthesis was due to two causes; 
1) direct effect on the leaf, and 2) reduction in the water uptake of 
the roots which lowers the leaf water content. For soybeans, Taylor 
and Rowley (1971) said that the two effects were equal in reducing 
photosynthesis after subjection to low temperatures. They suggested 
that plants would acclimate themselves to this condition by producing 
less chlorophyll in the leaves. Later, Taylor et al. (1972) observed 
a starch buildup in the leaves after subjection of low temperatures. 
This starch buildup caused a reduction in the photosynthetic rate. 
Crookston et al. (1974) observed a depression in photosynthetic 
rate of beans after subjecting the plants to low temperatures (5 C). 
They stated that they only observed this depression if both the roots 
and shoots were cooled to the low temperatures. They reported a slow 
recovery in photosynthetic rates and found that both the stomatal 
and mesophyll resistances were very large. The photosynthetic rate 
began to increase only when the stoaatal resistance started to decrease. 
The cold treated plants showed signs of wilting during the experiments 
which suggested that the reduction in photosynthesis and stomatal 
closure may be due to induced water stress. They stated that photo­
synthetic depression was not mediated by starch buildup in the leaves, 
but by the temporary conditions of water stress. They also observed 
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that the activities of RuDF carboxylase and malate dehydrogenase were 
operating as usual under normal temperatures and that leaves would 
have photosyntheslzed as normal after subjection to low night tempera­
tures had not water stress and stomatal closure developed. 
Water stress effects on photosynthesIs 
The leaf water content has been shown to be responsible for many 
of the metabolic functions in the leaf Including photosynthesis (Boyer, 
1970a, 1970b). Pallas, Michel, and Harris (1967) observed that as the 
soil water decreased, the photosynthesis of cotton leaves began to 
markedly decrease, Kanemasu and Tanner (1969b) found that for snapbeans 
the net assimilation rate was reduced when the stomatal resistance and 
leaf water potential were changing most rapidly. Brown and Rosenberg 
(1970a) have also reported that a small decrease in soil water potential 
may bring about a rapid drop in the photosynthesis of sugarbeets. 
Boyer (1970a, 1970b) showed that for soybeans, net photosynthesis 
was unaffected until the leaf water potential reached -12 bars and then 
the rate of net photosynthesis decreased rapidly. This rapid decrease . 
in photosynthetic rate was mediated by stomatal closure (Boyer, 1970a). 
Chen, Mederski, and Curry (1971) also reported the same response for 
soybeans with photosynthetie rates decreasing curvillnearly with 
decreasing leaf water content. The reduction in photosynthetic rates 
was due to increased stomatal resistance. Ghorashy et al. (1971) found 
that there was a different photosynthetic response to decreasing leaf 
water potential depending on whether soybeans were measured during 
flowering or during pod-fill. This decrease in photosynthesis was more 
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rapid during the pod-fill stage than during flowering. The observed 
rate of decrease was linear rather than curvilinear as reported by 
Boyer (1970b) and Chen et al. (1971). The reason for this discrepancy 
may be due to the fact that Ghorashy did not measure leaf water 
potentials above -8 bars so that the plateau as represented by Boyer 
was not present on the data. Ghorashy et al. (1971) also observed 
that there was no significant difference between isogenic lines with 
differing pubescence in their response to decreasing leaf water 
potentials. 
Daily Curves of Canopy Photosynthetic Output 
Hofstra and Nelson (1969) suggested a correlation between the 
photosynthetic rate and the translocation out of the leaf. Habeshaw 
(1973) reported that for sugarbeets the rate of photosynthesis was 
linked directly to the "sinks" of the plant, by the sinks ability to 
control the rate of translocation from the leaves. Upmeyer and 
Roller (1973) observed a reduction of the photosynthetic rate of soy­
bean leaves in a constant environment and proposed as association 
between the carbohydrate levels in the leaf and the photosynthetic 
trends. Later, Russell and Johnson (1975) observed a time of day 
effect on the translocation patterns in soybeans and cautioned against 
confounding time of day effects with treatment effects especially 
when comparing early and late diurnal periods. 
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Respiration in Soybean Canopies 
Kumura (1969a) suggested a relationship between the respiratory 
activity and the photosynthetic activity of soybean leaves. Based 
on this observation, he stated that the upper leaves in the canopy, 
subjected to high light regimes, would have a higher photosynthetic 
rate and a proportionally higher respiration rate than would leaves 
within the canopy. Johnson et al. (1969) supports this conclusion 
and observed that respiration rates were different at different 
positions on the plant. They reported that as leaves lost some of 
their photosynthetic capacity with age there was a reduction in the 
rate of respiration. From this, they concluded that the lower leaves 
do not need to maintain as high of photosynthetic rate to surpass 
respiration as do the upper leaves (Johnson et al., 1969). McCree 
and Troughton (1966) studied the relationship between photosynthesis 
and respiration and suggested that plants adapt their rate of respira­
tion to the azaaunt of light they receive, and that this adaptation was 
rapid. Therefore, plants adjust their respiration rates to be a 
constant proportion of their growth rates. This would suggest that, 
for calculation purposes, respiration could be assumed to be a constant 
proportion of the total photosynthesis for a daily approximation 
(McCree and Troughton, 1966). 
Carbon fixation in soybeans is described by the Calvin cycle and 
COg release during the daytime occurs by photorespiration (Lalng et al., 
1974). Forrester, Krotkov, and Nelson (1966) found that for soybeans, 
photorespiration Increased with increasing Og concentration but that 
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dark rcHplratlon was unaffected. Hew et al. (1969) observed that the 
magnitude of COg evolution In the light was markedly dependent on 
light Intensity and the air flow rate over the leaf. Lalng et al. 
(1974) have observed that the compensation point for COg was depen­
dent upon the temperature of the leaf. The higher the temperature, 
the higher the concentration of CO^ at the compensation point of the 
leaf. 
Gaastra (1959) reported that there was a linear increase in the 
photosynthetic rate of leaves until a concentration of 300 ppm of CO^ 
was reached at conditions of light saturation. Brun and Cooper (1967) 
found that for soybeans photosynthesis becomes COg saturated at higher 
COg concentrations as light intensity increases. They observed that 
photosynthesis of individual leaflets exhibited CO^ saturation at low 
light intensities and concluded that the CO^ concentration in normal 
air may often limit the photosynthetic production of soybeans. Egli 
et al. (1970) showed that the rate of apparent photosynthesis increased 
with increasing COg levels in the canopy. They proposed that the 
supply of COg to the fixation site in the leaf may be limiting photo­
synthesis. Kardinan and Brun (1971) later reported that supplying COg 
to soybean canopies after flowering increased the yield. Based on 
these observations, they suggested that the economic yield of Hark 
soybeans was limited by the availability of photosynthate during the 
post-flowering stage of development. 
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Stomatal Resistance In Soybeans 
Carlson (1973) described soybean leaves as having three times as 
many stomata on the abaxlal (lower) side of the leaf as on the adaxlal 
(upper) side, but that there are significant numbers on the adaxlal 
surface. Because of this distribution, It Is necessary to determine 
both the adaxlal and abaxlal resistances. It has been shown that the 
adaxlal stomata are more responsive to changes In the leaf condition 
than the abaxlal stomata (Kanemasu and Tanner, 1969a; Sharpe, 1973). 
Teare and Kanemasu (1972) reported that the stomata or the soybean 
open early In the morning under relatively low light levels and that 
the adaxlal resistance was always greater than the abaxlal resistance 
for all canopy positions. They also noted that the resistance of the 
leaf was dependent on the time of day, with the resistance increasing 
in the early afternoon (1500 hours). Teare and Kanemasu (1972) 
observed that the stomatal resistance began to increase during the day 
when the leaf water potential exceeded -15 bars. The increase in 
stomatal resistance in the early afternoon was mediated by leaf water 
potential. Felch (1970) also observed that the upper portion of the 
canopy had lower stomatal resistance than the lower portions of the 
canopy. He noted that the pattern of stomatal resistance in terms of 
closure was related to the atmospheric evaporative demand and the soil 
water potential. Under low soil water potentials the stomatal resis­
tance remained nearly constant over the day within a canopy level and 
began to increase only when the light levels decreased. 
Brown and Rosenberg (1970b) examined the leaf resistance of sugar-
beets and noted that there was a lack of dependence between leaf age 
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and stomacal resistance and that the amount of leaf Illumination 
controlled the stomatal resistance. Kanemasu et al. (1973) observed 
that the response to light for grain sorghum was curvilinear with the 
stomata opening under a low light regime. There was no observable 
light response above a critical light value. Teare et al. (1973) 
reported that the shade leaves of soybeans had a higher stomatal 
resistance than the sun leaves. 
The opening of the stomata and the corresponding stomatal resis­
tances have been found by a number of researchers to be greatly Influ­
enced by the leaf water potential (Stevenson and Shaw, 1971a; Teare 
and Kanemasu, 1972; Kanemasu and Tanner, 1969a). Kanemasu and Tanner 
(1969a) reported that for snap beans the adaxlal and abaxial surfaces 
of the leaf respond differently to water deficit In the leaves with 
the adaxlal surface being the more responsive. Sharpe (1973) noted 
that for cotton plants the adaxlal stomata were more responsive to 
changes in leaf water potential than were the abaxlal stomata. Brady 
et al. (1975) reported that the adaxlal stomata of soybeans were more 
responsive than the abaxlal to changes in soil water potential. 
Adaxlal stomatal resistance increased very rapidly once a soil water 
potential of -8 bars was reached but abaxlal was not affected as much 
at these potentials. Brown and Rosenberg (1970b) reported that for 
sugarbeets, small decreases in the soil water potential may lead to 
partial stomatal closure and thereby reduce the photosynthetlc rate. 
Dubé et al. (1974) found that for Inbred lines of com, transpiration 
was Independent of leaf water potential above -7 to -8 bars but was 
reduced rapidly as leaf water potential decreased below this point. 
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Boyer (1970b) observed this same relationship in soybeans where 
transpiration was unaffected at leaf water potentials above -10 bars 
but began to drop rapidly as leaf water potential decreased below 
this point. 
Stevenson and Shaw (1971a) showed the leaf resistance of the 
upper and middle leaves to be in phase on low atmospheric demand days 
but out of phase on high atmospheric demand days. This difference 
was mediated by the preferential water flow to the upper leaves. 
They stated that the degree of out^of=phase change in leaf resistance 
would depend on the canopy density with the greater preferential flow 
to upper leaves occurring in the fuller canopies. In examining the 
relationship of leaf orientation to the leaf resistance, Stevenson 
and Shaw (1971b) observed that upright leaves had less resistance to 
water vapor diffusion than the naturally exposed leaves. The upright 
leaves in these experiments were created by tying up the leaves at an 
angle of 70 to 80° from the horizontal. They found that upright leaves 
were cooler than naturally exposed leaves and suggested that this may 
be Important in delaying leaf senescence and reducing photorespiration. 
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METHODS AND MATERIALS 
The research plots in 1973 and 1974 were located at the Hinds 
Irrigation Farm north of Ames, Iowa on the Skunk River floodplain. 
The soil is a Huntsville silt loam. Prior to fall plowing in 1972 
and 1973, 23-60-60 fertilizer was broadcast at 224 kg per ha. Addi­
tional fertilizer was not applied to the plots before planting. 
Treflan was applied in 1973 at 0.28 kg a.i. per ha and in 1974 at 
1.12 kg a.i. per ha for weed control. Inoculum was not applied to 
the seéd before planting as the previous crop had been alfalfa for a 
number of years. 
Soybeans were planted in east-west rows at a 76 cm row spacing 
with a seeding rate, based on laboratory germination tests, calculated 
to emerge 30 viable seed per meter of row. A hand, cone planter was 
used for seeding. Because the plots were used in conjunction with a 
moisture-use study, the plot size was 9.1 x 13.7 m with six plots per 
planting date. The dimensions of the entire experimental area were 
27.3 % 82.2 m. For ease of planting, dates of planting were maintained 
as blocks, with varieties being randomly allocated to plots within a 
block. 
In 1973, Hawkeys and Rampage soybeans were planted on May 18, 
Hay 30, and June 14. Hark and Rampage soybeans were planted on May 24, 
June 7, and June 25 in 1974. Hawkeye was not retained in the 1974 
study because a more narrow leaf cultivar was required for the light 
penetration studies. Seed of these cultivars for both years were 
obtained from the Iowa Crop Inqirovement Association. 
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Light Penetration Experiments 
Spectral distributions of light penetration were made In 1973 
using an ISCO spectroradlometer with a remote sensor attachment. The 
range of wavelength sensitivity Is 380-1100 nm. Measurements were made 
at 400, 500, 600, 650, 750, 850, 950, 1050 nm from which a spectral 
curve was approximated with light flux densities represented as . 
2 1 "" 1 
cal cm mln nm . In 1974 a quantum flux meter was used to measure 
light penetration In the visible region of the spectrum because of the 
lengthy time needed to obtain the spectral readings using the spectro-
radlometer. This wavelength range is accepted as photosynthetlcally 
active radiation (PAR) (Norman, Tanner and Thurtell, 1969). Because 
the total radiation in this wavelength region is represented by one 
reading with this Instrument, more numerous replications were 
achievable In 1974. Light flux densities were measured in terms of 
-2 -1 
mlcroElnsteins m sec . 
To stratify the canopy for the light penetration studies, frames 
encompassing two rows were constructed. The dimensions of the frames 
were 150 cm wide by 100 cm long by 152 cm high. The frame was placed 
in a selected canopy such that two rows were centered In the frame. 
Uniformity in appearance of the canopy was the criterion for the 
placement of the frames. The canopy was stratified into layers by 
stretching strings from the comers of the frame across the rows and 
across the end of the frame (Fig. 1). Each layer was 15.2 cm high. 
Strings were placed in the canopy at this spacing until the last string 
layer extended above the top of the canopy. The row center was marked 
with a string tied from front to back of the structure. 
31 
Row of Canopy 
15cm 
QUANTUM SENSOR POSITION HITMTN A !A V F P  • V '« m# f * # w * % 
ii 1, 2,3, or 4 REFER TO ROW DIVISIONS WITHIN A LAYER 
Figure 1. Diagram of the frame structure used to stratify the canopy 
into layers and row divisions for the light penetration 
studies 
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Light readings were made by attaching the sensor on the end of a 
meterstick so that the distance from the front of the frame could be 
easily measured and so that uniform sensor positions could be main­
tained. The sensor was always positioned horizontal to the soil 
surface during data collection. Readings were taken in the center 
between the two rows and next to rows on both sides of the center. 
The placement of the sensor within a stratified canopy is shown in 
Fig. 1. Only one measurement for each wavelength was taken at each 
row position with the spectroradioaeter. Measurements were made 50 cm 
from the front of the cube. Five replications of light measurements 
were recorded for each row position at five equally spaced intervals 
within a row position with the quantum flux meter. In one experiment 
in 1974, the distance between the two rows was divided into five 
equally spaced row positions. Measurements in all experiments started 
at the top of the canopy and progressed downward to the soil surface. 
In 1973 spectroradiometer readings were only recorded in the last 
planting date of soybeans because the emphasis of the experiments was 
involved with the measurement of spectral light distributions within 
com canopies. Also, later in the season, when measurements were to 
begin in the soybean canopies, severe lodging occurred and this caused 
the canopies to be nonuniform in appearance. Light penetration experi­
ments during the 1974 growing season were restricted to soybean cano­
pies. Experiments were conducted as often as possible to provide 
different canopy light distribution patterns. This was accomplished 
by measuring distributions through canopies of different planting dates 
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on the same day. Measurements were made at solar noon on clear days 
so that fluctuating light conditions would not influence the measure­
ments. Later in the season, measurements were made within the same 
cultivar at different times of the day to determine the effect of sun 
angle on the light penetration patterns. 
When the light measurements were complete, the leaves within each 
frame were harvested. The frame was divided into four areas hori­
zontally from the left side of the frame to the left row, from the 
left row to the center between the rows, from the center to the right 
row, and from the right row to the side of the frame as shown in Fig. 
1. The leaves were harvested by starting at the top of the canopy 
and removing all of the leaves within each horizontal region down to 
the level of the next lower string. Leaves for each subdivision 
within a layer were placed in a separate bag for leaf area and dry 
weight determination; Leaf area in the 1973 studies was estimated by 
selecting a random subsacple from each bag and measuring the leaf area 
and dry weight of that subsample and then relating the dry weight per 
unit area to the remainder of the sample. In 1974 the leaf area was 
measured with an electronic foliometer commercially available from 
Lambda Instruments Corporation, Lincoln, Nebraska, In both years the 
dry weight of the samples was measured by drying in a forced air oven 
at 65 C for 48 hours. No attempt was made to determine the area of 
the stem tissue and this tissue was only harvested for dry matter 
determinations in both years. 
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Canopy Photosynthesis Measurements 
Carbon dioxide uptake of soybean leaves was measured using C-14 
labelled CO^ and a leaf exposure chamber. This procedure has been de­
scribed previously by a number of researchers (Austin and Longden, 1967; 
Shlmshl,1969; Incoll and Wright, 1969; Teare, 1974, Evapotranspiration 
Laboratory, Manhattan, Kansas, personal communication). The method fol­
lowed in this study was that described by Incoll and Wright (1969). 
Â picture of the apparatus and a close-up of the leaf exposure 
chamber are shown in Figs. 2 and 3, respectively. The components of 
the delivery system are shown in Fig. 2. A pressurized tank for the 
COg, a flowmeter to regulate the flow of gas into the leaf chamber, 
a timer, a 6 v. battery, and a soda lime column to absorb any labelled 
COg that was not taken up by the leaf are illustrated. The timer is 
equipped with a start switch which allows the operator to place the 
chamber on a leaf and expose each sample for a specified letigth of Elme. 
Flow of the gas into the chamber was regulated by a solenoid valve 
mounted on the leaf chamber (Fig. 2) which opens when the timer is 
started and closes automatically when the timer reaches the preset time. 
Power to the timer and solenoid valve was supplied by a 6 volt dry cell 
battery. For portability in the field, the apparatus in Fig, 2 was 
attached to a steel stake with a sharpened point so that it could easily 
be placed into the soil at any location. 
Carbon-14 dioxide gas with the following composition was obtained 
from Matheson Gas Products, Joliet, Illinois; 340 ppm CO^ (with a 
specific activity of 8.66 iiCi 1 S, 20.5% Og, and the balance Ng. For 
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Figure 2. Apparatus used to expose leaves to C labelled CO2, in­
cluding lecture bottle, gas regulator, flowmeter, timer, 
batteryJ soda liffle column and leaf exposure chamber 
Figure 3. Closeup of the leaf exposure chamber showing the solenoid 
valve, inlet and outlet hoses to the chamber„ 
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field experiments a 56.6 liter lecture bottle was filled from the 
larger reserve bottle. 
Â leaf section was exposed to labelled COg by attaching the leaf 
exposure chamber to the leaf and allowing the labelled gas to flow 
over the leaf. Preliminary experiments indicated that a flowrate of 
150 ml min ^ using an exposure time of 20 seconds would yield maximum 
COg uptake rates. In the leaf exposure chamber, gas delivery was 
through ports drilled in the plexiglas of the chamber. These ports 
were situated such that an even distribution of the gas over both sides 
of the leaf would occur. The unused gas exited through ports on the 
opposite side of the chamber and any CO^ left was absorbed by the soda 
lime column. The chamber was formed by gluing a gum rubber ring to 
the top and bottom of the plexiglas sides. To locate the position of 
the exposed area on a leaf after the chamber had been removed, a 
mixture of zinc oxide and glycerol was applied to the top gasket with 
a cotton swab. The paste, which was applied to the gasket before the 
chamber was placed on the leaf, was transferred as a white ring onto 
the leaf. It was not necessary to apply the paste for every sample 
to maintain an adequate mark. 
The exposed area was san^led with a leaf punch and that section 
was placed directly into a numbered scintillation vial. The sample was 
digested by placing I ml of NCS, a commercially available solubllizer 
(a quantenary ammonium-base in toluene) from Amersham-Searle Corp., 
Arlington Heights, Illinois, into each vial Immediately prior to the 
field experiments. One ml of the solubllizer was used as recommended 
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by the manufacturer. In the field, care was taken not to expose the 
vials to direct sunlight for any appreciable length of time. 
The sanples were allowed to digest for a minimum of 48 hours on 
a shelf in the laboratory. After digestion was complete, 1 ml of a 
saturated solution of benzoyl peroxide solution was added to each vial 
as a bleaching agent. The bleach was prepared by heating toluene to 
60 C in a steam bath and by then adding 6 g of benzoyl peroxide per 
30 ml of toluene. After the benzoyl peroxide dissolved, the mixture 
was rapidly cooled to 25 C. After setting for 1 hour, the mixture was 
then filtered and placed on a dark shelf until it was placed into the 
vials. The bleach was made up just prior to addition to the vials, as 
it was observed that the effectiveness of the bleach began to rapidly 
diminish 36 hours after mixture preparation. 
Eighteen ml of a scintillation fluid were added to the vials after 
the addition of the bleach. The composition of the fluid was 
PPGiPOPOP:toluene in proportion of 6g;75mg;l 1. The PPG and PGPGP 
were also purchased from Amersham-Searle Corp. After the addition of 
the scintillation fluid the vials were allowed to set for 24 hours to 
reduce the effect the chemoluminescence of the fluid. Prior to 
counting, the vials were wiped clean and placed in the counter for 
approximately 1 hour to equilibrate temperatures with the counter. 
This was necessary as sonK condensation occurred on the vials immedi­
ately after being placed in the counter. All samples were counted for 
two minutes and were recorded automatically on paper tapes by the 
scintillation counter. 
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Carbon dioxide uptake of the leaf section was calculated with the 
following formula: 
APs = (C-B) Y K (6) 
e SpA p R t 
where APs - uptake of COg calculated as mg COg dm ^hr ^ 
C - counts per minute of the sample 
B - background counts 
Y - conversion factor from pmoles to mg CO^ (.044) 
5 2 2 
K - 3.6 X 10 ,constant to convert seconds to hours and cm to dm 
e - efficiency of the counting process (0.15) 
SpA - specific activity of the labelled gas (0.57 uCi pmoles ^) 
2 p - area of the leaf sample (1.138 cm ) 
R - conversion factor for dpm to yCi (2.2 x 10^ dpm yCi ^) 
t - time of feeding eaqposure of sample (20 seconds) 
The efficiency of the counting process was determined by the 
internal standardization procedure (Wang and Willis, 1965). The 
efficiency was found to be 0.15 and this factor was applied to all 
samples. 
Carbon dioxide uptake by field grown soybean leaves was measured 
at various times during the season in a number of different experiments. 
In all experiments the PAR regime for each leaf sangle was measured by 
the sensor attached to the leaf exposure chamber. The sensor was 
attached so that PAR readings were in the same orientation as the leaf. 
Measurements of CO^ uptake were taken in conjunction with stomatal 
resistance and leaf water potential measurements in selected levels of 
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the canopy to determine the relationship between these factors. To 
stratify the canopy for these studies, metal rods were marked every 
15.2 cm starting at ground level and 2 m of string was attached to two 
rods. The rods were placed parallel to a randomly selected row with a 
string being attached at each marked layer. The string provided a 
visible marker for each canopy level. These levels corresponded to 
those in the light penetration studies so that leaf area in a given 
layer could be extrapolated to the COg uptake studies. Leaves were 
then randomly selected from each layer. In all experiments only the 
top four layers were used for the measurements because of the age of 
the lower leaves and low light regime present in the lower layers. 
During the experiments and placement of the strings, care was taken 
not to disturb the canopy appearance. Experimental design will not be 
given in detail at this point but will be described in the results 
section where appropriate. 
Measurement of Water Potential and Stomatal Resistance 
Water potential and stotoatal resistance measurements were col­
lected during a number of soybean experiments in 1974. Because of the 
wide diversity of experiments, each individual ejqieriment will not be 
described in this section but will be outlined In the results section 
where appropriate. 
Water potential was measured with a pressure chamber apparatus 
similar to that originally described by Scholander et al. (1965). Only 
the center leaflet of the trifoliate was used for measurements. The 
first fully expanded leaf was used to determine the water potential at 
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the top of the canopy. When measurements were made within layers of 
the canopy, specific nodes were selected for leaflet san^ling to 
insure valid comparisons between cultivars, strata and planting dates. 
Most leaf water potential measurements were initiated at sunrise 
and continued throughout the day until shortly after sunset. Water 
potential measurements were made periodically during the season on 
other days in conjunction with other observations. To provide an 
estimate of the water status of the plants on those days, measure­
ments were taken at approximately 1400 hours CDT» 
Stomatal resistance of leaflets was measured with a diffusion 
resistance porometer similar to that previously described by Kanemasu, 
Thurtell, and Tanner (1969). This instrument is commercially available 
from Lambda Instruments Corporation, Lincoln, Nebraska. The porometer 
was calibrated before field measurements. 
Resistance was measured on both the adaxial and abaxial surfaces 
of the center leaflet of the trifoliate. The total leaf stomatal resis­
tance was calculated by the formula 
'«leaf • '/"ad + ''^ ab 
Stomatal resistance was measured in conjunction with photosynthesis 
measurements and also on days where the daily pattern of stomatal resis­
tance was derived for comparison with the measured light distribution 
within the canopy. Measurements for the daily patterns of stomatal 
resistance were started each day when the leaves were free of dew or 
at sunrise if no dew was present. 
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When the measurements were made within selected layers within 
the canopies, leaves were randomly selected from that layer. The 
layer heights corresponded to the levels used in the. light penetra­
tion studies so that the leaf area of distinct strata in the canopy 
would be known. This is required in order to calculate canopy resis­
tance from leaf resistance measurements. The canopies were stratified 
using the same technique that was applied in the carbon dioxide uptake 
experiments. 
Growth Analysis of Canopies 
Five plants were randomly selected from each replication for each 
cultivar within a planting date each week for seasonal growth analysis 
during 1974, Measurements on each of these plants included leaf area, 
dry weight, stem and petiole dry weight, and height of each plant. 
When pods began to develop and fill, these components were weighed 
separately. Sanq)ling within a planting date commenced when the second 
trifoliate had emerged and weekly sampling continued until leaf drop 
was almost conçlete. In the second and third planting dates, however, 
total leaf drop was not attained because of an early frost. Final 
seed yield of the plants was not determined. 
The purpose of this experiment was to provide detailed growth 
patterns for the varieties involved in the study. Data from this study 
coupled with the results of the stratification analysis were used to 
provide estimates of the leaf material in strata of the canopy at 
various stages of growth. 
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Meteorological Data at the Field Site 
Meteorological instruments were placed at the Hinds Irrigation 
Farm during the 1974 growing season so that the local daily weather 
conditions would be known. Daily observations of maximum and minimum 
temperature, rainfall, wind, and open pan evaporation (class A Weather 
Bureau) were made throughout the season. A hygrothermograph in the 
instrument shelter provided a continual recording of temperature and 
relative humidity. 
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RESULTS AND DISCUSSION 
Spectral Distributions of Light Within Soybean Canopies 
The transmission of visible (400-700 nm) and near-infrared (700-
1100 nm) radiation through Rampage and Corsoy soybean canopies is 
shown in Fig. 4. No statistical test was made of the difference be­
tween the attenuation patterns for the two wavelength regions because 
measurements within a row position were not replicated. The Corsoy 
and Rampage canopies were oriented in a North-South direction and an 
East-West direction, respectively. The Corsoy canopy was not described 
in the Method and Materials section because this canopy was located in 
a bulk area of soybeans next to the research plot area. It is evident 
from Fig. 4 that the attenuation patterns vary sharply between visible 
and near-infrared regions and that the attenuation patterns change 
markedly at the boundary between these two regions. These results are 
consistent with the findings of Scott et al. (1968) who examined a 
number of different plant canopies. 
The attenuation patterns for each Individual wavelength measured 
are shown in Figs.5 and 6 for Corsoy and Rampage canopies, respectively. 
Readings were not replicated within a row position, so no statistical 
tests of the attenuation patterns for individual wavelengths were 
attempted. The points on the graphs represent the mean of three row 
positions for each level in the canopy. The total LAI of the Corsoy 
canopy was 4.4, while the LAI of the Rampage canopy was 6.6. Cumula­
tive LAI for each layer was determined by summation of the LAI's for 
all levels above the measurements. 
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Figure 4 .  Transmission of visible and near-infrared radiation through 
canopies of Rampage and Corsoy soybeans in 1973 (n = 3) 
45 
100 
o 
o 
C9 
< 
u 
ce. 
LU 
OL 
Z 
o 
«/> 
t/1 
z 
< 
œ 
H-
CORSOY AUGUST 20, 1973 
76cm N-S ROW 
WAVELENGTH (nm) 
400 
— 500 
fe 
2 4 
CUMULATIVE LAI 
Figure 5. Transmission of visible and near-infrared wavelengths as a 
function of the cumulative LAI for Corsoy soybeans (n = 3) 
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Figure 6. Transmission of visible and near-infrared wavelengths through 
the Rampage canopy as a function of cumulative LAI (n = 3) 
47 
In the Corsoy canopy the level of visible radiation was reduced to 
10% of incident irradiance by the upper unit LAI of the canopy (Fig. 
5). A LAI of 1.0 in the Corsoy canopy represented approximately 25% 
of the total canopy. At that same level in the canopy, near-infrared 
radiation was reduced to 40% of incident irradiance. There does not 
appear to be any difference in attentuation patterns for the wave­
lengths within either the visible or near-infrared spectral regions 
(Fig. 5). 
In the Rampage canopy visible and near=infrared attenuation pat­
terns separated very distinctly (Fig. 6). As shown in Fig. 6, there 
was very little reduction in irradiance by the upper portion of the 
canopy. This deviation from what was observed in the Corsoy canopy 
was caused by the combination of East-West row direction and angle of 
the sun at the time of measurement. Center and north row positions 
were not covered by any effective leaf area which intercepted light 
above the sensor. Therefore, these row positions measured sunfleeks 
in the canopy. However, at the next lower level of measurement within 
the canopy, both the visible and near-infrared radiation were reduced 
considerably. The visible was reduced to approximately 10% of inci­
dent irradiance while near-infrared was reduced approximately 50%. As 
can be seen in Fig, 6 the most rapid reduction of light occurred in the 
upper portion of the canopy. The attenuation patterns for the 500, 600 
and 650 nra wavelengths were very similar but the 400 nm departed from 
this pattern. Because only one sample was measured within a row posi­
tion, the sensor could have been unknowingly moved during measurement 
and a bright spot in the canopy was actually measured. 
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Most light, regardless of wavelength, was intercepted by the upper 
portion of the canopy (in both the Rampage and Corsoy canopies). Wave­
lengths within a spectral region tended to behave similarly and, as 
suggested by Sin^ et al, (1968), a single sensor for the visible region 
would represent these wavelengths. 
Distribution of Photosjmthetically Active 
Radiation (PAR) within Soybean Canopies 
The attenuation patterns for Hark and Rampage canopies were deter­
mined as often as possible during 1974. The characteristics or these 
canopies at the time of measurement are given in Table 1. Rampage 
always had a larger LAI than Hark except for the July 15 and 21 sampling 
times. This difference was due to the Ran^age measurements being taken 
in a location of the experimental area where canopy growth was slowed 
due to early moisture stress. Hark canopies were always taller than 
Ranmage canopies (Table 1). This would suggest that with a smaller 
LAI and a taller canopy, Hark canopies would have a lesser foliage 
density, that is less leaf area per unit volume of the canopy. 
Transmission of PAR through the Hark and Rampage canopies is shown 
in Figs. 7 and 8, respectively. Each point represents the mean of 15 
measurements within a canopy strata. For August 20 each point repre­
sents the mean of 25 data points. For all canopies measured, the lines 
are extended through the cumulative LAI zero point to represent the 
top of the canopy. 
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Table 1. Characteristics of the Hark and Rampage canopies used in the 
PAR penetration studies in 1974 
Hark Rampage 
Planting Height Total Height Total 
Date Date (cm) LAI (cm) LAI 
July 15 1^ 70.0 4.1 55.0 3.7 
July 21 1. 80.0 4.2 60.0 3.8 
July 21 2b 35.0 3.0 34.0 4.2 
July 24 2 63.0 3.6 58.0 4.0 
July 24 3 35.0 2.0 32.0 2.4 
August 20 3 94.0 5.2 91.0 6.8 
Planting dates 1, 2 and 3 refer to dates of planting on May 24, 
June 5 and June 25, 1974, respectively. 
^38 cm row spacing; all others 76 cm row spacing. 
Mathematical description of canopy PAR attenuation 
For both cultivars there was a rapid attenuation of PAR by the 
upper strata of the canopies. In Hark canopies incident PAR was reduced 
to 50% of incident irradiance at a cumulative LAI of 1.6, while in the 
Rampage canopies, the 50% reduction in the incident irradiance occurred 
at a cumulative LAI of 2.0 (Figs. 7 and 8). To determine the relation­
ships between cumulative LAI and PAR attenuation patterns for these 
canopies, two regression models were fit to the data. Model 1 included 
the transmission of PAR through the canopies as a function of linear 
and quadratic cumulative LAI terms. Model 2 included -InCl/Ig) as the 
dependent variable and linear and quadratic terms of cumulative LAI as 
independent variables. For both models the quadratic LAI term was not 
significant and therefore only the linear models will be discussed. 
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Figure 7. Transmission of PAR through Hark canopies in 1974 as a 
function of cumulative LAI (n = 15, except on August 20 
n = 25) 
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Figure 8. Transmission of PAR through Rampage canopies in 1974 as a 
function of cumulative LAI (n = 15, except on August 20 
n = 25) 
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The data Included in the regressions are that shown in Figs. 7-10. 
Shown in Figs. 9 and 10 are plots of -InCl/I^) versus cumulative LAI 
of Hark and Rampage canopies, respectively. In both models the 
equations were fit throu^ the cumulative LAI zero point to represent 
the top of the canopy. The results of these linear models are given 
in Table 2. 
Table 2. Extinction coefficients, standard errors and coefficient of 
determination from the regression analysis of PAR penetration 
through Hark and Rampage canopies 
Date Cultivar 
Planting 
Date 
Model 1 
T = 1.0-b fpa 
1 s.e.b 1 
Model 2 
•ln(I/In) = 0.0-b (L) 
bi s.e.bi R^ 
July 15 Hark 1^ 0.17 .03 87.6 .05 0.32 92.3 
July 15 Rampage 1 0.20 .02 98.8 0.38 .09 89.2 
July 21 Hark 1 0.22 .04 87,6 1,05 .12 94.7 
July 21 Rampage 1 0.26 .02 98,5 1.00 ,23. 90.3 
July 21 Hark 2 0.21 .08 82,5 1.08 .03 99.8 
July 21 Rànçjàgè 2 0.21 . 10 67.8 0.98 .32 82.3 
July 24 Hark 2 0.26 .04 93,6 0.63 .17 81.8 
July 24 Rampage 2 0.22 .04 94,4 0.73 .25 80.6 
July 24 Hark 3 0.33 .02 98,9 0.53 .06 97.5 
July 24 Rampage 3 0.32 .03 97,9 0.56 .04 98.7 
August 20 Hark 3 0.19 .01 86.2 0.98 .05 94.1 
August 20 Rampage 3 0.15 .01 84,0 0.80 .04 97.0 
Comparison between 
canopies 
LSD(.05) = .18 
LSD(.Ol) = .28 
^ refers to cumulative LAI as defined in Eq. 1. 
^Planting dates 1, 2 and 3 refer to dates of planting on May 24, 
June 4 and June 25, 1974, respectively. 
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Figure 9. PAR extinction patterns in Hark canopies in 1974 as a 
function of cumulative LAI (n = 15, except on August 20 
n = 25) 
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Light penetration through the Hark canopies was accurately 
described by the Bouguer-Lambert law. This is commonly known as Beer's 
law. For all canopies, except the July 21, 2nd planting date canopy, 
the regression accounted for more than 90% of the variation in the 
data (Table 2). The bj coefficient in the regression equation repre­
sents the extinction coefficient for Beer's law. As shown in Table 2, 
there is evidence that the size of the extinction coefficient depends 
upon the size of the canopy measured. Model 1 for the Hark canopies 
was as good as Beer's law in describing the PAR distribution in the 
canopies (Table 2). The regression coefficient in model 1 represents 
the attenuation of radiation per unit LAI of the canopy. In both 
models, the intercept term was tested and found not to be different 
from the values given in Table 2. 
For Rampage canopies, models 1 and 2 both adequately described the 
PAR distribution patterns within the canopy (Table 2). Only the 
Bouguer-Lambert law, however, will be discussed for both cultivars. The 
Bouguer-Lambert law provides an adequate description of the PAR pene­
tration into the canopies because the radiative transfer closely follows 
the assumptions of the Bouguer-Lambert law. These assumptions are a 
homogeneous medium and no sources of radiation within the canopy. 
Because extinction coefficients are approximately equal to 1.0 when the 
canopies are closed, this indicates that the canopy appearance is that 
of a horizontal surface and although the canopy may not be completely 
uniform, it does not permit penetration of large areas of sunflecks. 
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The extinction coefficients were tested with an analysis of vari­
ance to determine if differences between the canopies or cultivars for 
the extinction coefficients given in Table 2 for model 2 existed. 
Since there was no replication of the PAR studies on a given day due 
to experimental time constraints, the cultivar-canopy interaction was 
used as the error term for the F test. The results of this analysis 
are given in Table 3. As suggested by examining the extinction coef­
ficients given in Table 2, there were no differences between cultivars 
for the extinction coefficients but there were differences between 
canopies. This implies that for these two cultivars, one could use the 
same extinction coefficient for the prediction of PAR distribution 
within the canopy. However, since there were differences in the extinc­
tion coefficients between canopies, one could not use the same extinc­
tion coefficient throughout the season in the prediction of PAR pene­
tration. These extinction coefficients are plotted in Fig. 11 for all 
canopies except the 38 cm row spacing and July 15, 1st planting date. 
Due to limited sampling, there are no points at lower LAI values, but 
it does appear that there is a possible relationship between the canopy 
LAI and the extinction coefficient. The decrease in the extinction 
coefficient of the Rampage canopy on August 20 is not understood, but 
may possibly be due to the distribution of the leaf area on the plants 
at this time. When the canopies were closed, the extinction coeffi­
cients were approximately equal to 1.0. These coefficients were less 
than 1.0 when the canopies were not closed. Based on the work of 
Anderson (1966), this would suggest that leaves of the Hark and Rampage 
canopies are approximately horizontally displayed. 
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Table 3. Analysis of variance of Bouguer-Lambert law extinction 
coefficients (Model 2) for Hark and Rampage canopies In 1974 
Source of 
Variation df 
Mean 
Square F 
Cultlvar 1 0.001 0.24 
Canopy 5 0.115 30.11** 
Error 5 0.003 
**Signlfleant at the 1% level. 
The extinction coefficients on July 15 were significantly smaller 
than those for any other canopy with the same LAI measured throughout 
the season (Table 2). A possible reason for the discrepancy is that 
moisture stress was evident In the canopies on the day of the measure­
ments and noticeable wilting of the upper leaves was present. This 
wilting may have caused the leaves to act as less efficient inter-
cepters of the incident PAR. As the leaves wilted, more PAR passed 
through the canopy without being intercepted by the leaves. This sug­
gests that under Instances of severe moisture stress, the canopy would 
change its leaf angle to reduce the amount of light energy intercepted 
in order to reduce the need for transpirational cooling. 
PAR attenuation patterns at various sun angles 
Ito and Udagawa (1971) suggested that the extinction coefficient 
would vary as the sun angle changed. To test the effect of sun angle 
on the PAR penetration through closed soybean canopies, the distribution 
of PAR was measured at four times over the day. These measurements were 
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made In Hark and Rampage canopies from the 3rd planting date on 
August 20, 1974. 
The patterns of transmission of PAR through the canopies at the 
four times are shown in Figs. 12 and 13 for Hark and Rampage, respec­
tively. The only attenuation pattern that appears to deviate from 
the other times of the day is the late evening time just prior to 
sunset. This is evident for both canopies (Figs. 12 and 13). Only the 
Bouguer-Lambert law model was fit to this data since this model best 
described the attenuation patterns for the other canopies throughout 
the season. The data are represented in this manner and are shown in 
Figs. 14 and 15 for Hark and Rampage, respectively. Regression analy­
sis using the Bouguer-Lambert law is presented in Table 4. 
Table 4. Extinction coefficients for the Bouguer-Lambert law deter­
mined by regression analysis for Hark and Rampage canopies at 
four times on August 20. 1974 
Time 
(Hour, CDT) 
Hark* Rampage* 
hi s.e. of b^ RZ °1 s.e. of bj^ R^ 
915- 950 -0.90 .09 94.9 -0.77 .06 97.1 
1300-1340 -0.98 .09 96.1 -0.80 .08 95.3 
1545-1600 -0.93 .11 94.3 -0.83 .08 95.1 
1845-1900 -1:02 = 07 97 = 8 -0=79 = 06 97,5 
= 7 for each model. 
At all times of the day the Hark canopy had the largest extinction 
coefficient (Table 4). The average extinction coefficient throughout 
the day for the Hark canopy was 0.96 and, for the Rampage canopy, it 
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Figure 12. Transmission of PAR throughout the Hark canopy at four 
times on August 20, 1974 as a function of cumulative LAI 
(n = 25) 
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Figure 13. Transmission of PAR throughout the Rampage canopy at four 
times on August 20, 1974 as a function of cumulative LAI 
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Figure 14. PAR extinction patterns as a function of cumulative LAI 
for the Hark canopy measured at various times on 
August 20, 1974 (n = 25) 
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was 0.80 (Table 4). An analysis of variance was used to test for 
cultlvar and time of day differences in extinction coefficients. The 
cultlvar-time of day interaction was used as the error term since there 
was no replication of canopies for reasons previously stated. These 
results are given in Table 5. 
Table 5. Analysis of variance of Bouguer-Lambert extinction coeffi­
cients for Hark and Rampage canopies over four times on 
August 20, 1974 
Source of Mean 
Variation df Square F 
Cultlvar 1 0.188 74.11** 
Hour of Cay 3 0.010 4.04 
Error 3 0.002 
^^Significant at 1% level. 
Extinction coefficients were not different within cultivars at any 
times of the day, but were different between Hark and Rampage canopies 
(Table 5). As shown in Table 2, the extinction coefficients for the 
Rampage canopy on August 20 were the smallest of any of the coefficients 
when the canopies were closed. As stated before, there is no apparent 
reason why the extinction coefficients were smaller for this canopy. 
Because the extinction coefficients within a cultlvar were not dif­
ferent at a number of different sun angles, this would suggest that the 
same coefficient could be used throughout the day when the canopies are 
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closed. However, this may not apply when the canopies are not closed 
because of the illumination differences on the sides of the rows. 
The extinction coefficients for the Hark canopy suggest that this 
canopy is more efficient in intercepting PAR than Rampage when the 
canopies are closed (Table 4). The reason for this large attenuation 
of PAR by upper strata in the Hark canopy is because it contains more 
leaf area in the upper portion of the canopy. The distribution of leaf 
area in the various layers sampled on August 20 is shown in Fig, 16. 
Although the Rampage canopy had a larger LAI than the Hark canopy, the 
Hark canopy contained 42% of its leaf area in the two upper strata. 
The Rampage canopy had only 30% of its leaf area in the two upper 
strata. This suggests that the Hark canopy has more leaf area in the 
upper portions of the canopy and acts as a more efficient PAR inter­
cepting canopy. However, since the extinction coefficients were not 
always diffarsnt b£f~£sn cultivars this cbssrvEd difference say depend 
on the canopy sampled. 
The attenuation of light is very rapid in the soybean canopy. The 
extinction coefficients for the interception of PAR by the canopy is de­
pendent on the growth stage of the canopy (Fig, 11). However, contrary to 
that suggested by Ito and Udagawa (1971) the extinction coefficients were 
not different at various times of the day when the canopies were closed 
(Table 4). These results would indicate that, for the prediction of 
PAR penetration through the soybean canopy, the Bouguer-Lambert law 
would provide an adequate description. To apply this law to seasonal 
canopy growth, however, would require that the extinction coefficients 
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be determined for each stage of canopy development or at given LÂI's. 
It Is also possible that a sun angle term would have to be Included 
when the canopies are not closed In order to predict the area of 
sunlit foliage accurately. 
Daily Pattern of PAR 
Shown in Fig, 17 is the distribution of PAR on a horizontal sur­
face for August 19, 1974. The maximum PAR received at solar noon was 
an Irradlance of 2000 yE m ^ sec ". This is presented to familiarize 
the reader with a typical distribution of PAR during the day. The 
following results will include a number of experiments that were con­
ducted at various times during the day and are related to the PAR 
distribution within the canopy. The data in Fig. 17 will provide a 
reference as to the PAR Irradlance Incident on the canopies throughout 
the day. 
Growth and Development of Soybean Canopies 
Shown in Figs. 18 and 19 are the patterns of LAI accumulation 
during the 1974 growing season for Hark and Rampage canopies, respec­
tively. Each point on the graphs represents the zean of 15 individual 
plants harvested. Since the purpose of the experiments was to deter­
mine the PAR and COg distribution within soybean canopies, this data 
is presented to provide the reader with a reference to differentiate 
canopies on a given day. 
The Hark canopies did not attain as large a total LAI as the 
Rançage canopies at any time throughout the growing season; however, 
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there was not as much variability between planting dates for Hark 
canopies as was evident for Rampage canopies (Figs. 18 and 19). Also, 
the Rampage canopies tended to be more variable within a planting date 
in the amount of leaf area contained on the plants. There is no 
apparent reason for this large difference between the planting dates 
for the Rampage canopies. 
It is also evident from Figs. 18 and 19 that the later planting 
dates attained their leaf area earlier in the growth period than the 
1st or 2nd planting dates. The reason for the faster growth rate was 
the warmer temperatures during the early growth period of the 3rd 
planting date. 
To determine the amount of leaf area in a given strata relative to 
the distribution of COg uptake within the canopies, the leaf area for 
each of the strata was determined from PAR penetration studies and 
related to the total LAI for the canopy at that particular time and 
planting date. The amount of leaf area in each of the four 15 cm strata 
for Hark and Rampage canopies is given in Table 6. Also included in 
Table 6 is the height of the canopies at the time of measurement. The 
Hark canopies were always taller than the Rampage canopies and always 
had more leaf area concentrated in the upper portions cf the canopy. 
Although the canopies were often taller than the 60 cm of strata that 
was measured, the lower parts of the canopies were not measured because 
of the extremely low PAR irradianees measured in the PAR penetration 
studies. 
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Table 6. Height, total LAI, and LAI In each canopy strata for the 
individual dates of CO2 uptake and stomatal resistance 
studies conducted in 1974 
Date Cultivar 
Plant­
ing* 
Daté 
Canopy 
Ht. Total, 
(cm) LAI 
LAI in 
0-15% 
each 
15-30 
Strata 
30-45 
(cm) 
45-60 
July 16 & 18 Hark 1 55 4.22 1.77 1.01 0.76 0.68 
Rampage 1 48 4.56 1.32 1.59 0.82 0.73 
August 7 Hark 1 102 6.29 1.01 1.51 1.13 0.88 
Hark 2 84 6.24 1.87 1.87 1.12 0.75 
Hark 3 52 3.43 1.37 1.06 0.51 
Rampage 1 91 7,15 0,43 1.64 1.93 1.29 
Rampage 2 81 7.74 1.55 2.32 2.32 1.47 
Rampage 3 48 4.12 1.03 1.24 0.62 
August 12 Hark 3 70 4.77 0.76 1.14 0.86 0.67 
Rampage 3 62 4.74 0.28 1.09 1.28 0.85 
August 24 Hark 3 96 5.36 0.86 1.29 0.96 0.75 
Rampage 3 89 6.35 0.38 1.46 1.71 1.14 
September 14 Hark 3 99 5.65 0.90 1.35 1.02 0.79 
Ranpage 3 86 6.03 0.36 1.39 1.63 1.08 
^Planting dates 1, 2, 3 refer to planting dates on May 24, June 7, 
and June 25, 1974, respectively, 
^0-15 cm height represents the top canopy stratum and each 15 cm 
subdivision within the canopy. 
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Canopy Measurements on July 16, 1974 
The meteorological conditions on July 16 were conducive to mois­
ture stress as the maximum temperature was 30 C and open pan evapora­
tion was 0.64 cm. July 16 was a clear day with no clouds present and 
was a high stress type day. Soil moisture availability was low at this 
time as only 0.76 cm of precipitation had been received in the past 10 
days. On July 15, 0.76 cm of irrigation was applied to the plot area. 
Atmospheric demand was high throughout this period. Included In the 
Appendix are the daily meteorological conditions at the field site 
throughout the growing season. 
Measurements of the distributions of COg uptake, leaf FAR, adaxial 
stomatal resistance and leaf water potential were made in the 1st 
planting date canopies of Hark and Rampage on July 16, 1974. Carbon 
dioxide uptake and leaf PAR were measured simultaneously in the orien­
tation of the natural leaf position. Three replications of these mea­
surements were made in each stratum within three blocks. Two replica­
tions of adaxial stomatal resistance and one replication of leaf water 
potential were measured within each canopy stratum. Measurements of 
COg uptake J leaf PAR and adaxial stomatal resistance profiles were made 
at three different times of the day; 1100-1200, 1400-1500 and 1800-1900 
CDT. Leaf water potential profiles were measured within the canopies at 
four times; 1000-1100, 1200-1300, 1500-1600 and 1700-1800 CDT. 
The canopy sites were randomly selected and stratified into layers 
on the previous day by placing rods with 2 m of string next to the row 
and arranging the string on the rods to stratify the canopy into four 
15 cm strata. The 0-15 cm stratum was placed at the top of the canopy. 
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Measurements of the canopy parameters were made in the same site through­
out the day. At the time of the measurements, the plants of Hark and 
Rampage were In the early flowering stage and the canopies were not yet 
closed between the rows. 
The analysis of these plant parameters is given in Table 7. Since 
only one replication in each block was measured for leaf water potential 
the analysis did not Include the block term. Within each stratum and 
time sources of variation, the degrees of freedom were partitioned into 
orthogonal polynomial contrasts» This was done to examine the functional 
relationships between these parameters. The degrees of freedom of the 
interaction terms were not divided into their orthogonal contrasts. 
COn uptake and leaf PAR canopy distributions 
The COg uptake rate decreased during the day from the time the mea­
surements began at 1100-1200 CDT and decreased rapidly with Increasing 
depth into the canopy (Fig. 20). The distribution for thé Kark canopy 
is shown in Fig. 20. The distribution of COg uptake within both cano­
pies was different at each time of measurement (Fig. 20). The reduction 
of COg uptake paralleled the reduction in leaf PAR throughout the day 
(Table 7 and Fig. 21). The COg uptake rates were significantly dif­
ferent for Hark and Rampage canopies. The two cultivars did net respond 
the same throughout the day causing the significant time-cultivar inter­
action ( Table 7). At all times except at 1400-1500 CDT the Hark canopy 
had a larger uptake rate than the Rampage canopy. When the strata 
degrees of freedom were divided into the orthogonal polynomial contrasts 
all of the terms were significant indicating a sharp decline in COg 
Table 7. Analysis of variance for leaf PAR,, COg uptake, adaxial stomatal resistance and leaf water 
potential for Hark and Rampage canopies on July 16, 1974 
Source Calculated F-values 
of Leaf CO2 Adaxial Leaf Water 
Variation df PAS. Uptake Resistance^ Potential 
Blocks 2 1, .35 1, .30 2, .03 
Time 2 62, .72** 30, .98** 11, .47** (3)020 .83** 
Linear 1 123, .9 5** 61. 90** 5, .23 (1) 14 .06** 
Quadratic 1 1, .47 0 .06 17, .71** (1) 1 .32 
Cubic (1) 5 .43* 
Cultivar 1 1, .54 8, .17** 7, .14** 3 .06 
Strata 3 132, .35** 102, .77* 24, .56** 15 .11** 
Linear 1 379, 38** 293, .03** 71, .82** 44 .19** 
Quadratic 1 8, .11** 12, .25** 0, .12 0 .12 
Cubic 1 9, .51** 3. 02* 1, .74 0 .98 
T X C 2 1. 16 6, .15** 0, .14 (3) 0 .41 
T X S 6 10. 18** 5, .26** 3, .32** (9) 1 .16 
C X S 3 3. ,04* 3, .86* 1, .44 (3) 1 .40 
T X C X S 6 1. 52 2, .75* 0, ,39 (9) 0 .44 
Error Mean Square 190 208713. 70 70, .74 (118) 47. ,58 (64) 4 .13 
^df reduced because only 2 replications within a strata, 
^df associated with each source of variation for leaf water potential. 
*signlfleant at 5% level. 
**slgnifleant at 1% level. 
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uptake rate with Increasing depth into the canopies. There was also 
evidence that the cultlvars did not respond the same at each stratum 
in the canopy as indicated by the significant cultivar-strata inter­
action (Table 7). This interaction was caused by the Rampage canopy 
having a slightly larger COg uptake rate than Hark in the 30-45 cm 
stratum at all times of the day. 
Leaf PAR distributions were not different within the Hark and 
Rampage canopies (Table 7). The PAR irradiance available to the cano­
pies decreased in a linear trend throughout the time of the measure­
ments. Since the measurements were not started until 1100 CDT, PAR 
irradiance was near the daily maximum when the experiments commenced 
(Fig. 17). PAR was rapidly attenuated by the upper portion of the 
I ' 
canopy causing all of the orthogonal polynomial terms to be signifi­
cant (Table 7). The distribution of PAR within the Hark canopy for 
the three time periods is shown in Fig. 21. There was no difference 
between Hark and Rampage canopies. Only the Hark PAR distribution is 
shown in order to make comparisons to the COg uptake patterns for the 
Hark canopy. 
Throughout the day not all of the strata received the same propor­
tion of the incident PAR. This is evident from Fig. 21 and the signif­
icant time-strata interaction ( Table 7). There was no difference in 
the leaf PAR irradiance between the 0-15 and 15-30 cm strata at the 
1100-1200 CDT time, while at the later times, PAR irradiance received 
by the 15-30 cm stratum was significantly less than the upper stratum 
(Fig. 21). Since the rows were not closed on July 16, the differences 
in the attentuation patterns may have been due to either leaf selection 
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differences within the canopy or leaf orientation differences through­
out the day. The relationship between leaf PAR and CO^ uptake will be 
discussed in a later section. 
Adaxlal stomatal resistance canopy distributions 
Adaxlal stomatal resistance distributions within the Hark canopy 
are shown in Fig. 22. There was a slight, although nonsignificant, 
decrease in resistance between 1100-1200 and 1400-1500 CDT and then an 
increase In resistance at 1800-1900 CDT (Fig. 22). The increase at the 
later time period was significant in the lower strata (15-30 and 30-45 
cm) of the canopy. Because of the nature of the adaxlal stomatal 
resistance response on this day, both the linear and quadratic time 
terms were significant (Table 7). Adaxlal stomatal resistance Increased 
In a linear trend within the canopies at all times ( Fig. 22). The 
strata of the canopy did not behave in the same manner throughout the 
measurements as shewn by the significant time-strata interaction (Table 
7). The adaxlal stomatal resistance in the lowest stratum at 1100-1200 
and 1800-1900 CDT were similar (Fig, 22). At 1800-1900 CDT the adaxlal 
stomatal resistance in the 15-30 and 30-45 cm strata had Increased to 
approximately twice that of the other two time periods (Fig. 22). The 
increase in resistance of these lower strata was caused by a reduction 
in the PAR irradlance. As shown in Fig. 21, the PAR Irradiances at the 
1800-1900 CDT were lower than at any other measurement time and the 
resistances were larger. The relationship between stomatal opening and 
PAR irradlance will be discussed in a later section. 
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Leaf water potential canopy distributions 
Leaf water potential Increased In a linear trend with Increasing 
depth Into the canopy (Table 7). The upper leaves, which are more 
subject to atmospheric demand, attain the smallest water potentials 
during the day. Leaf water potential decreased from morning values 
of -8 bars to less than -14 bars In the afternoon and then Increased 
In the early evening as atmospheric demand decreased. The response 
throughout the day Is shown In Fig. 23 for the Hark canopy. There was 
no significant difference in leaf water potential between Hark and 
Rampage canopies (Table 7). For this day, both cultivars responded 
similarly to the atmospheric demand in terms of leaf water potentials 
attained. 
As shown In Fig. 23, the minimum leaf water potentials reached 
during the afternoon were less than -14 bars. The smallest leaf water 
potential of an individual leaflet measured on this day was -16 bars. 
These conditions of moisture stress may have reduced the COg uptake 
rate of the canopies through the action of stomatal closure i.e., 
Increased stomatal resistance. Teare and Kanemasu (1972) reported 
that as leaf water potentials approached -15 bars, stomatal resistance 
increased rapidly. Soyer (1970b) showed that the rate of net photo­
synthesis decreased rapidly when leaf water potential decreased below 
-11 bars. He also found that leaf stomatal resistance increased as 
net photosynthesis decreased. Of the leaf resistance components mea­
sured, the mesophyll component did not respond as quickly to decreasing 
leaf water potentials as did boundary layer and gas phase resistance. 
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The observed rates of CO^ uptake measured on July 15 were reduced 
because of moisture stress at the 1100-1200 and 1400-1500 CDT times. 
At 1800-1900 CDT, however, the lower rates of CO^ uptake were caused 
by reduced PAR Irradlances. 
Canopy Measurementis on July 18, 1974 
July 18 was a clear day with high atmospheric demand. Meteoro­
logical conditions were the following: maximum temperature, 37 C; 
and open pan evaporation, 0.86 cm. The soil moisture status was very 
low at this time as only 1.52 cm of water had been received on the 
plot area in the past 10 days. 
Two plants from each cultivar were randomly selected from the 1st 
planting date and four trifoliates on each plant were tagged to corre­
spond to the strata measured on July 16. Leaf PAR and leaf stomatal 
resistance measurements were made on the center leaflet of the same 
tagged trifoliates throughout the day. Stomatal resistance was calcu­
lated from adaxial and abaxial stomatal resistances using Eq. 7. 
Measurements commenced at sunrise and continued throughout the day 
until sunset. Although the same leaves were measured repeatedly 
throughout the day, there were no visible signs of leaf damage after 
the experiments were completed. Leaf water potentials were measured 
on the center leaflet of trifoliates within the same strata as the 
tagged plants. In order to alleviate differences in soil moisture 
availability leaf water potential measurements were made on adjacent 
plants. There was evidence of visible wilting of the upper leaves in 
the early afternoon. 
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The analyses of these experiments are given in Table 8. There 
was no difference between cultivars for leaf PAR irradlance or 
adaxial stomatal resistance. A significant difference between culti­
vars was found for abaxial stomatal and stomatal resistances. 
Table 8. Analysis of variance of leaf PAR and leaf stomatal resis­
tances for Hark and Rampage 1st planting date canopies on 
July 18, 1974 
Source Calculated F-values 
of Leaf Resistances 
Variation df Leaf PAR Adaxial Abaxial Stomatal 
Time 9 12.67** 13.66** 31.51** 30.54** 
Cultivar 1 3.21 2.21 7.66** 6.79* 
Strata 3 55.33** 24.04** 62.69** 57.89** 
Linear 1 150.55** 65.07** 174.57** 165.34** 
Quadratic 1 4,40* 5.59* 1.12 3,90 
Cubic 1 110.50** 1.48 12.58** 3.84 
T X C 9 1.13 1.39 2.86** 2.13* 
T X S 27 2.47** 2.28** 1.96 1.51 
C X S 3 5.68** 1.19 11.73** 7.40** 
T X C X S 27 0.98 0.50 0.47 0.49 
Error 
Mean Square 80 140778.42 11.34 3.56 0.97 
^Significant at 5% level. 
**Significant at 1% level. 
Canopy distributions of leaf PAR 
The distribution of leaf PAR within the canopies throughout the day 
is shown in Fig. 24. Due to the rapid attenuation of PAR by the upper 
strata, all orthogonal terms were significant (Table 8). Because soy­
bean canopies have previously been shown to closely obey the Bouguer-
Lambert law for PAR attenuation, it is expected that all orthogonal 
terms would be significant (Table 2). 
83 
% OF CANOPY 
0-25 (UPPER) JULY 18, 1974 
25-50 AVERAGED OVER CULTIVARS 
2000r" — — 50-75 
o—O75-100 (LOWER 
u 
01 
M 
1500-
CM 
e  
</> 
ae 
t-4 
LU 
h-
00 
as 
M 
W 
1000-
w 
1000 1400 1800 2200 600 
TIME (HOUR, COT) 
Figure 24. Average distribution of leaf PAR within Hark and Rampage 
canopies throughout July 18; 1974 (n = 4) 
84 
The significant time-strata interaction was caused by the leaves 
in the 2nd strata (15-30 cm) receiving more PAR in early morning than 
the upper leaves (Fig. 24). The reason for this difference from the 
normally expected attenuation pattern is possibly due to either the 
orientation of leaves within this strata relative to the sun or to the 
selection of the leaves within the canopy. There was also a signifi­
cant cultivar-strata interaction which was due to the Hark canopy 
being more open than the Rampage canopy. For these two canopies, the 
majority of the PAR irradiance was intercepted by the upper 50% of the 
canopy. A greater reduction in PAR irradiance at the 15-30 cm strata 
would be expected if the canopies were closed. 
Canopy distributions of stomatal resistances 
Although adaxial and abaxial stomatal resistances were measured, 
the discussion will be concerned with stomatal resistance. Stomatal 
resistance is defined as the total leaf stomatal resistance as calcu­
lated using Eq. 7 and represents a composite of the different resis­
tances comprising leaf resistance» 
Stomatal resistance was influenced by time of day and canopy 
strata (Table 8 and Fig. 25). Within each stratum of the canopy stom­
atal resistance remained relatively constant throughout the day and 
increased only when PAR Irradiance decreased. Stomatal resistance 
increased in a linear trend with increasing depth into the canopy. 
The cultivars did not respond the same throughout the day nor within 
each stratum of the canopy as shorn by the significant tests for each 
of the interactions (Table 8). Generally, Hark showed less stomatal 
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resistance than Rampage throughout the day. The stomatal resistance 
patterns for Hark and Rampage throughout the day for the upper 
stratum of the canopy are shown in Fig. 26. Resistance throughout 
the day was approximately 2 sec cm ^ for both cultivars and remained 
at this level until PAR irradiance decreased in the early evening 
(Fig. 26). 
Stomatalresistance in the lower strata of the canopies increased 
earlier in the afternoon indicating the PAR irradiances within these 
strata were sufficiently low to cause stomatal closure. This is evi­
dent by examining the PAR irradiances in the 30-45 and 45-60 cm strata 
(Fig. 25). Irradiance in these lower strata decreased after 1500 CDT 
and stomatal resistance increased. Stomatal resistance for both Hark 
and Rampage and corresponding leaf FAR irradiances for each individual 
measurement are shown in Fig. 27. By inspection of the pattern of 
stomatal resistance and leaf PAR, it is apparent that for upper leaves, 
the stomata are open whenever the PAR irradiance is greater than 
approximately 100 pE m sec . During periods of high PAR irradiance 
stomatal resistance may increase if leaf water potentials decrease to 
near -13 bars. 
Canopy distributions of leaf water potential 
Leaf water potentials were measured 10 times throughout the day in 
each strata. The analysis of this data is given in Table 9. Leaf water 
potentials were similar for Hark and Rampage canopies. Each cultlvar 
responded the same throughout the day. This suggests that the leaf 
water potential of these two cultivars respond nearly the same to 
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atmospheric demand on this day. This Is consistent with the results 
observed for the 1st planting date canopies on July 16. 
Table 9. Analysis of variance of leaf water potential for Hark and 
Rampage 1st planting date canopies on July 18, 1974 
Source of Calculated 
Variation df F-value 
Time 10 103.69** 
Cultlvar 1 0.08 
Strata 3 31.08** 
Linear 1 74.05** 
Quadratic 1 14.32** 
Cubic 1 5.35* 
T X C 10 1.46 
T X S 30 3.54** 
C X S 3 1.03 
Error Mean Square 30 1.00 
*Slgnifleant at 5% level. 
**Slgnlfleant at 1% level. 
Leaf water potentials were nearly the same for the upper three 
strata within the canopy but were greater in the 45-60 cm stratum 
(Fig. 28). There was a different response for each layer throughout 
the day as shown by the significant time-strata interaction (Table 9 
and Fig. 28). The lowest leaf water potential occurred at approximately 
1500 CDT and at that time, the canopy was at a water potential of -14 
bars in the upper three strata (Fig. 28). 
The general trend of leaf water potential during the day was that 
of a curvilinear response where leaf water potential decreased to a 
minimum in midafternoon and then increased as the energy load on the 
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leaves decreased. A slight Increase In the stomatal resistance of Hark 
was noted In the early afternoon when leaf water potentials were at 
their lowest (Figs. 26 and 28). However, as Teare and Kanemasu (1972) 
observed, a stomatal resistance increase did not begin in soybean 
leaves until leaf water potentials approached -15 bars. 
Canopy Measurements on July 23 and 24, 1974 
The days of July 23 and 24 were typical summer days in the mid­
west, clear skies in the morning and buildup of convective cumulus 
clouds in the afternoon. Maximum temperatures were 31 and 33 C and 
open pan evaporations were 0.81 and 0.82 cm for July 23 and 24, 
respectively. Soil moisture availability was not limiting at this 
time as the plots were well watered. 
Leaf water potentials of the first fully expanded and the lowest 
green trifoliate on the same plant of the Hark canopies were measured 
on July 23 and 24, 1974. These measureiaeiitB ori the eenter leaflet of 
the two trifollates at each leaf position were made in each of the 
three planting dates. Data collection commenced just prior to sunrise 
and continued throughout the day until shortly after sunset. 
The combined analysis over the two days is given in Table 10. The 
only difference in leaf water potentials between the two days occurred 
in the upper trifollates (Fig. 29). The leaf water potentials of the 
lower trifollates were the same for both days. 
Leaf water potential for the upper trifollates on July 24 reached 
a minimum, of -12 bars, while on July 23 the minimum was only -9 bars. 
Even though the plots were well watered at this time, soil water 
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Table 10. Analysis of variance of leaf water potential for the 1st, 
2nd and 3rd planting dates of Hark on July 23 and 24, 
1974 
Source of Mean 
Variation df Square F-value 
Day 1 7.75 5.19* 
Time of day 5 175.59 117.61** 
Planting date 2 2.86 1.91 
Strata 1 46.24 30.97** 
D X T 5 11.18 7.49** 
D X PD 2 0.72 0.48 
D X S 1 4.20 2.81 
T X PD 10 2.90 1.95* 
T X S 5 11.09 7.43** 
PD X S 2 4.40 2.94 
D X T X PD 10 1.56 1.05 
D X T X S 5 1.91 1.28 
Error 94 1.49 
*Signiflcant at 5% level. 
**Signlfleant at 1% level. 
movement may not have been rapid enough into the active root zone to 
keep the plants sufficiently supplied with water on July 24. The re­
moval of water on July 23 may have depleted the water supply so as to 
reduce the available water on July 24. This seems a plausible explana­
tion for differences between days since there were no observable 
meteorological differences. This indicates that both meteorological 
conditions and soil water status affects the leaf water potential of 
the plant on any given day. 
Minimum leaf water potentials for the trifoliates occurred at 
approximately 1400 CDT on July 24. On July 23, however, there was no 
distinct minimum for the upper trifoliates and the potentials were the 
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same between 1400 and 1900 CDT. The reason for this type of response 
on July 23 Is not known. The leaf water potentials of the lower 
trlfollates on July 23 did exhibit a minimum at approximately 1400 
CDT. 
Leaf water potentials of upper and lower trlfollates were at the 
same level in the morning and evening for the two days (Fig. 29). 
The upper trlfollates, which are more subject to atmospheric demand, 
attained the smallest leaf water potentials during the day and as 
atmospheric danand decreased each day the canopies returned to an 
equilibrium water potential each evening. 
Canopy measurements on August 7, 1974 
This day and the previous day were cool and overcast. Maximum 
temperature was 26 C and open pan evaporation was 0.43 cm on August 7. 
The purpose of this experiment was to determine what effect a low 
atmospheric demand day with overcast would have on stomatal resistance 
and leaf water potential distributions within a soybean canopy. 
Measurements of leaf PAR, leaf stomatal resistances and leaf 
water potential were made on August 7, 1974. Leaf PAR and leaf resis­
tances were measured only in the afternoon on the upper three 15 cm 
strata of each planting date for both Hark and Rampage. Leaf water 
potential was measured six times during the day, beginning at sunrise 
and continuing until sunset. Three replications of leaf FAR and leaf 
resistances were measured within each stratum. Leaf water potential 
was replicated twice and only upper fully expanded trlfollates and 
lower green trlfollates within Hark canopies were examined. 
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The analysis of leaf PAR and leaf resistances are given in 
Table 11. The strata degrees of freedom were divided Into orthogonal 
polynomial contrasts to determine the distribution of these plant 
parameters within the canopies. 
Table 11. Analysis of variance for leaf PAR and leaf resistances for 
the 1st, 2nd and 3rd planting date canopies of Hark and 
Rampage on August 7, 1974 
Source Calculated F-values 
of Leaf Resistances 
Variation df Leaf PAR Adaxlal Abaxial Stomatal 
Cultlvar 1 13.75** 7.06** 2.80 5.82* 
Planting Date 2 15.83** 3.11 1.62 2.22 
Strata 2 259.72** 54.32** 19.60** 36.37** 
Linear 1 421.47** 100.31** 39.11** 71.67** 
Quadratic 1 95.96** 8.31** 0=09 0.61 
C X PD 2 3.95* 3.11 0.64 1.48 
C X S 2 3.64* 3.55* 1.35 2.10 
PD X S 4 12.36** 2.75* 1.50 2.19 
C X PD X S 4 8.60** 1.17 0.43 0.39 
Mean Square 36 14329.77 16.50 1.65 0.72 
*Slgnificant at 5% level. 
**Signifleant at 1% level. 
Canopy distributions of leaf PAR 
Leaf PAR was significantly different between eultivars, planting 
dates and strata (Table 11). All interactions were also significant. 
The distribution of PAR within Hark and Rampage canopies is shown in 
Fig. 30. The sky started to clear when the measurements began in the 
3rd planting date of Hark. Thus PAR irradlance greatly Increased when 
compared to the other canopies measured in the afternoon. The 
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Irradlance was 1550 yE m sec for the upper stratum of this cano­
py and only 400 to 700 yE m sec for other canopies measured (Fig. 
30). In all canopies, Irradlance of PAR was sharply attenuated by 
the upper stratum. All Irradlances in the 15-30 and 30-45 cm strata 
were very similar except for the Irradlance in the 15-30 cm stratum 
of the Hark, 2nd planting date canopy (Fig. 30). The reason for this 
departure from normal attenuation patterns is not known, but may 
have been caused by sensor location within the stratum. The sensor 
may have been measuring a sunfleck within the canopy. 
Canopy distributions of leaf resistances 
There was a significant difference between Hark and Rampage 
canopies in their adaxlal and abaxlal stomatal resistances (Table 11). 
There was no difference between planting dates for the adaxlal stom­
atal, abaxlal stomatal or stomatal resistance. Stomatal and abaxlal 
stomatal resistances exhibited a linear Increase with increasing depth 
into the canopy. The distribution of stomatal resistances within Hark 
and Rampage canopies combined over planting dates is shown in Fig. 31. 
Hark resistances were smaller than Rampage at all levels. The values 
in the upper stratum were approximately 2 sec cm ^. These are similar 
to those obtained for the same strata on July 18 for similar times of 
the day. Even though PAR Irradlances were very different between the 
two days for the upper stratum, 1700 yE m sec on July 18 and 700 
-2 -1 
yE m sec on August 7, there was no observable difference in stomatal 
resistance. 
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Adaxlal stomatal resistance exhibited a significant cultlvar-
strata and planting date-strata Interaction (Table 11). This was 
caused by the higher PAR Irradlances In the 3rd planting date canopy 
of Hark (Fig. 30). This Is consistent with the findings of Sharpe 
(1973), who found that for cotton, adaxlal stomata were more res­
ponsive to changes In Irradlance than were abaxlal stomata. 
Canopy distributions of leaf water potential 
The analysis of leaf water potential for the Hark canopies Is 
given In Table 12. There were no significant differences between 
planting dates. Although the plants were at different stages of growth, 
they responded similarly to atmospheric demand (Table 6). Leaf water 
potential was significantly Influenced by the time of the measure­
ments as shown In Table 12. The curvilinear pattern throughout the 
day was similar to that observed on July 23 and 24 (Fig. 29). 
Table 12. Analysis of variance of leaf water potential for the 1st, 
2nd and 3rd planting dates of Hark soybeans on August 7, 
1974 
Source of Calculated 
Variation df F-value 
Time 5 64.62** 
Planting date 2 1.98 
Strata 1 49.49** 
T X PD 10 2.85* 
T x S 5 14.81** 
PD X S 2 0.26 
T X PD X S 10 0.87 
Error Mean Square 36 0.72 
^Significant at 5% level. 
**Slgnlfleant at 1% level. 
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The upper and lower trlfollates responded differently during the 
day as Indicated by the significant time-strata Interaction (Table 12 
and Fig. 32). The pattern of leaf water potential for upper and 
lower trlfollates Is shown In Fig. 32. The minimum leaf water poten­
tial attained during the day was -8 bars and was observed at 1600 CDT. 
Because the day was a low demand type, the lower trlfollates reached 
their minimum water potential at 1000 CDT and then Increased through­
out the day. Leaf water potentials of upper and lower trlfollates were 
nearly the same In the morning and at evening. This indicates that 
upper trlfollates are more subject to atmospheric demand and attain 
the smallest potentials (Fig. 32). 
The significant time-planting date interaction was caused by the 
time at which the planting dates reached their minimum potentials 
during the day. The 3rd planting date canopy reached the minimum at 
1300 CDT while the 1st and 2nd planting date canopies did not reach 
their minimum until 1600 CDT (Fig. 33). It is not known why the 3rd 
planting date canopy reached the minimum earlier than the 1st or 2nd 
planting date canopies. If the cause were due to a lack of available 
water in the root zone then it might be expected that the 3rd planting 
date canopy would have attained a lower potential during the day. 
Canopy Measurements on August 12, 1974 
The meteorological conditions on August 12 were: maximum tempera­
ture, 26 C; minimum temperature of the previous night, 16.7 C; and 
open pan evaporation, 0.36 cm. The plot area received 1.0 cm of pre­
cipitation the previous night. August 12 was a day with clear skies 
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and low atmospheric demand. Leaf water potentials of the upper 
trifollates measured at 1400 CDT Indicated that the plants were not 
under sufficient stress to cause a reduction in photosynthesis. The 
upper trifollates of the canopies had leaf water potentials of -10 
bars. 
Measurements of COg uptake, leaf PAR and leaf stomatal resistances 
were made in 3rd planting date canopies of Hark and Rampage on August 
12. The canopies were divided into four 15 cm strata beginning at 
the top of the canopy and were stratified using the string technique 
previously described. Four replications of each parameter were mea­
sured within each stratum at three times: 1100-1200, 1400-1500 and 
1800-1900 CDT. Leaf PAR was measured simultaneously with COg uptake 
except for the 1800-1900 CDT period when instrument failure developed. 
Canopy distributions of COg uptake 
The rate of COg uptake decreased throughout the day in a linear 
trend with time (Fig. 34). There were significant differences between 
Hark and Rampage canopies in the rate of CO^ uptake (Table 13). These 
rates for each canopy are shown in Fig. 34. Hark generally had a 
higher rate of uptake at all canopy levels than did Rampage. The rate 
of COo uptake declined rapidly in a curvilinear trend with increasing 
depth into the canopy (Table 13). The lower strata of both canopies 
had similar uptake rates throughout the day, but the 0-15 cm stratum of 
both Hark and Rampage varied greatly (Fig. 34). This resulted in a 
significant time-strata interaction (Table 13). 
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Table 13. Analysis of variance of CO2 uptake and leaf stomatal resls 
tances for Hark and Rampage canopies of the 3rd planting 
date on August 12, 1974 
Source Calculated F-values 
of CO2 Leaf Resistances 
Variation df Uptake Adaxlal Abaxlal Stomatal 
Time 2 52.87** 44.90** 84; 73** 82.76** 
Linear 1 102.19** 61.12** 136.65** 130.31** 
Quadratic 1 1.48 28.74** 32.96** 35.21** 
Cultlvar 1 7.71** 10.83** 27.16** 25.95** 
Strata 3 333.71** 62.37** 24.69** 45.60** 
Linear 1 644.18** 183.71** 72.07** 136.25** 
Quadratic 1 286.23** 1.66 2.03 0,38 
Cubic 1 50.86 1.85 0.02 0.08 
T X C 2 0.38 1.83 20.49** 11.84** 
T X S 6 37.42** 12.89** 9.16** 12.34** 
C X S 3 2.32 1.09 2.00 1.10 
T X C X S 6 0.88 2.07 2.65* 1.54 
Error 
Mean Square 72 30.66 11.84 3.68 1.18 
*Slgnlflcant at 5% level. 
**Slgnlfleant at 1% level. 
The decrease of COg uptake rate throughout the day paralleled the 
decrease in leaf FAS foï the upper stratum. Leaf PAR at 1100-1200 CDT 
in the upper stratum was 1700 yE m~^sec~^, but at 1400-1500 CDT it had 
decreased to 1250 yE m ^sec ^. The COg uptake rate for Hark declined 
frca 73 to 45 mg GOg dm ~hir " between these time periods. The relation-
ship between leaf PAR and rate of COg uptake will be discussed in a 
later section. 
105 
Canopy distributions of leaf PAR 
Leaf PAR distributions for the two times, when the instrument was 
functioning, were analyzed for cultlvar differences and canopy distri­
butions. These results are given in Table 14. Because of the rapid 
attenuation of PAR by the upper stratum, all orthogonal terms were 
significant (Table 14). This is expected, since it was previously 
shown that FAR attenuation patterns within canopies of Hark and Rampage 
were described by the Bouguer-Lambert law (Table 2). 
Table 14. Analysis of variance for leaf PAR distributions within Hark 
and Rampage canopies on August 12, 1974 
Source df Calculated F-values 
Time 1 4 = 57* 
Cultlvar 1 0.01 
Strata 3 165.24** 
Linear 1 309.70** 
Quadratic 1 155.98** 
Cubic 1 30=05** 
T X C 1 2.51 
T x S 3 5.18** 
C X S 3 0.09 
T X C x S 3 3.06* 
Error Mean Square 48 52534.77 
*Signifleant at 5% level. 
**Sigr.ifleant at 1% level. 
PAR Irradlanee was significantly different between the two times 
with a reduction in irradiance at the 1400-1500 CDT time (Fig. 35). 
This is to be expected because the experiments commenced when FAR was 
near the dally maximum and declined throughout the afternoon as pre­
viously shown in Fig. 17. 
106 
e  
U 
< 
ot 
H 
«/) 
OL 
o 
0-15r 
15-30 
30-45 
45-60 
AUGUST 12, 1974 
TIME (HOUR,COT) 
1100-1200 
——1400-1500 
AVERAGED OVER CULTIVARS 
500 1000 1500 2000 
LEAF PAR (ji EINSTEINS m'^sec"^ 
Figure 35. Distribution of leaf FAR within the Hark and Rampage 
canopies for two times on August 12, 1974 (n = 4) 
TIME (HOUR. CDT) 
% Qv 1100-1200 
e 
u 
< 
H 
< 
at 
f-
00 
>-
Cl 
o 
ac 
0-15r 
15-30 
30*45 -
\ \ 
——1500-1 600 
1800-1900 
V 
45-60 
> 
AUGUST 12. 1974 
/ 
/ 
3 
STOMATAL RESISTANCE (sec cm"^) 
Figure 36. Profiles of stomatal resistance within the Hark canopy 
three times on August 12, 1974 (n = 4) 
107 
Attenuation patterns of PAR were the same for Hark and Rampage 
canopies (Table 14). The distribution of FAR within the combined 
canopies Is shown In Fig. 35. The significant time-strata Interaction 
results from the Irradlance of the upper stratum decreasing signifi­
cantly between times, while the lower strata did not change appreciably 
between times. 
Canopy distributions of leaf resistances 
All leaf resistances were significantly different between Hark and 
Rampage canopies (Table 13). Hark had the least stomatal resistances 
at each canopy stratification. Hark and Rampage were only significantly 
different in stomatal resistance at 1800-1900 CDT. The distribution of 
stomatal resistance for the Hark canopy is shown in Fig. 36. Stomatal 
resistance increased in a linear trend with Increasing depth into the 
canopy (Fig. 36). 
Stomatal resistance within the Hark canopy was the same at 1100-
1200 and 1400-1500 CDT but Increased at 1800-1900 CDT. This later 
increase In stomatal resistance was caused by reduced PAR Irradlance In 
a response similar to that observed on July 18. This same pattern was 
also observed for Rampage canopies. 
The time-strata Interaction was caused by the Increase la stomatal 
resistance within the 30-45 cm above the resistance in the 45-60 cm 
stratum. This increase in resistance was observed in both the Hark 
and Rampage canopies. Since both canopies exhibited this trend in 
stomatal resistance in the 30-45 cm stratum, it may have been caused 
by the younger leaves in this stratum of the canopy being more 
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responsive to changing PAR Irradlances than the older leaves In the 
45-60 cm stratum. 
The pattern of COg uptake and stomatal resistance for the upper 
stratum of Hark and Rampage canopies on August 12 Is shown In Fig. 37. 
COg uptake rates decreased for both cultlvars during the afternoon. 
Stomatal resistance for the upper stratum began to Increase only In 
the evening when PAR Irradlance decreased. This would suggest that, 
when moisture stress conditions are not present, reduced COg uptake 
rates are caused by reduced PAR Irradlance, and that Increased stom­
atal resistances are only secondary effects In reducing COg uptake. 
Measurements on Upper Trlfollates 
on August 18, 1974 
The maximum temperature on August 18 was 21 C and the minimum 
temperature of the previous night was 11 C. Open pan evaporation for 
the day was 0.25 cm. Because August 18 was a low atmospheric demand 
day with a sufficient supply of soil moisture, there were no visible 
signs of wilting of the upper leaves throughout the day. 
The upper trlfollates of the soybean canopies are subjected to 
the largest FAR irradlances throughout the day and have previously been 
shown in these investlgatlona to be the mOSt variable in their response 
to COg uptake and stomatal resistance. Therefore, leaf PAR, leaf 
resistances and COg uptake were measured on the same upper trlfollates 
for the 1st and 3rd planting dates. These data measurements were 
collected from the first fully expanded trifoliate of both Hark and 
Rampage canopies. Five trlfollates were randomly selected from the 
canopies for these measurements. Due to Instrument difficulties. 
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COg measurements were valid only for the afternoon. Measurements 
commenced in the morning when the dew dried from the leaves and 
continued throughout the day until sunset. 
At this time, 1st planting date soybeans were in the late pod-
fill stage and 3rd planting date soybeans were in the early podfill 
stage with pods on lower nodes beginning to fill. 
Leaf PAR Irradiance patterns 
The analyses of leaf PAR, leaf resistances and COg uptake are 
given in Table 15. PAR Irradiance was the same for upper trlfollates 
of Hark and Rampage, but was significantly different between planting 
dates (Table 15). The distribution of PAR for the two planting dates 
is shown in Fig. 38. Throughout the day the 3rd planting date received 
less PAR irradiance than the 1st planting date. The difference between 
the two planting dates was due to the leaf orientation characteristics 
since lèâ£ PAR was têkëû Iti the natural orientation sf the trifoliate. 
The upper trifoliates of the 1st planting date were oriented more in the 
direction of the sun than the 3rd planting date. 
""2 
Leaf FAR Irradiance remained constant at approximately 1950 yE m 
sec ^ for the 1st planting date until after 1500 CDT when it decreased 
rapidly (Fig. 38). For the 3rd planting date, leaf PAR irradiance 
showed a gradual decrease throughout the day until 1700 CDT then de­
creased rapidly to 140 yE m ^sec ^ at 1900 CDT (Fig. 38). 
I l l  
Table IS. Analysis of variance of leaf PAR, leaf stomatal resistances 
and CO2 uptake for the upper trlfollates of the 1st and 3rd 
planting dates of Hark and Rampage on August 18, 1974 
Source Calculated F-values 
of Leaf Leaf Resistances 
Variation df PAR Adaxlal Abaxial Stomatal CO2 Uptake 
Time 5 86.66** 21.45** 8.11** 12.23** (2)* 35.23** 
Cultivar 1 0.01 7.78** 2.78 0.45 (1) 0.36 
Planting Date 1 13.81** 6.05* 1.64 0.08 (1) 0.30 
T X C 5 1.66 5.40** 3.57** 4.11** (2) 1.36 
T X PD 5 0.78 9.67** 1.68 5.06** (2) 3.91* 
C X PD 1 0.25 0.68 0.87 0.64 (1) 0.09 
T X C X PD 5 5.24 1.39 2.07 2.22 (2) 0.63 
Error 
Mean Square 96 82816.03 1.92 0.27 0.08 (48) 89.71 
^APs measurements only taken In afternoon; Indicates df associated 
with each term. 
^Significant at 5Z level. 
**Signifleant at 1% level. 
Patterns of leaf rêâiHtâftcêâ 
Adaxlal stomatal resistance for Hark was significantly lower than 
Rampage (Table 15). Abaxial stomatal and stomatal resistance were the 
same for Hark and Rampage. The cultivars did not, however, respond the 
same throughout the day as shown by a significant time-cultivar inter­
action (Table 15). 
Stomatal and adaxlal stomatal resistances exhibited a significant 
time-planting date interaction. The pattern of stomatal resistance 
throughout the day, combined over cult rars, for the 1st and 3rd 
planting dates is shown in Fig. 38. Stomatal resistance for both 
-1 planting dates was approximately 2.0 sec cm throughout the day until 
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1900 CDT. Stomatal resistance Increased after this time. This 
increase followed the reduction in leaf PAR irradiance. The 3rd 
planting date exhibited the largest increase in stomatal resistance 
from 2.0 to 2.9 sec cm ^ while the 1st planting date increased from 
2.0 to 2.4 sec cm A stomatal resistance of 2.4sec cm ^ was 
observed in the 1st planting date canopies at 1250 CDT under high PAR 
irradlances. This suggests that PAR irradiances of 1900 CDT for this 
canopy were not sufficiently low to cause closure. This difference 
between planting dates was caused by the differing PAR Irradiances. 
2 ^ 1 
At 1900 CDT the 1st planting date irradiance was 400 yE m sec 
-2  -1  
while PAR irradiance for the 3rd planting date was 140 yE m sec 
Therefore, at 1900 CDT the 3rd planting date canopy was nearer the PAR 
irradiance ât which stomata begin to close. 
Patterns of CO^ uptake 
Tîié râté of COg uptake wss significantly influenced by the PAR 
irradiance available to the leaf (Table 15). There were no differences 
between cultivars or planting dates for the rate of CO2 uptake. There 
was, however, a significant time-planting date interaction (Table 15). 
The COg uptake rates for the 1st and 3rd planting dates of Hark are 
shown in Fig. 39. 
For the Ist planting date the rate of COg uptake declined in a 
linear trend throughout the afternoon. For the 3rd planting date, 
however j the uptake rate remained constant between 1530 and 1730 CDT 
and then declined at 1900 CDT (Fig. 39). Leaf PAR and stomatal resis­
tance were not different between the two planting dates at 1730 CDT, 
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therefore, these two factors were not responsible for observed dif­
ferences in the CO^ uptake rate. It is possible that the light 
saturation point of the 3rd planting date trifoliates was lower than 
the trifoliates of the 1st planting date. This may have allowed the 
leaves of the 3rd planting date to make more efficient use of the 
available PAR at 1730 CDT. It was not possible, however, in this 
study to determine the light saturation value, if it exists, since the 
varying PAR irradiances were created by time of day. This may be 
confounded with physiological plant responses. 
Canopy Measurements on August 24, 1974 
August 24 was a clear day with low atmospheric demand with only 
a few widely scattered cumulus clouds present in the afternoon. The 
maximum temperature of the day was 23.5 C, while the minimum tempera­
ture from the previous night was 9 C. For the nights of August 22 and 
23, the minimum temperature was less than 10 C. Open paa evaporation 
for the day was 0.48 cm and the plants showed no visible signs of 
moisture stress, 
COg uptake and leaf PAR distributions within Hark and Rampage 
canopies from the 3rd planting date were measured on August 24. The 
sites in the 3rd planting date were randomly selected from areas which 
were not lodged. The canopy was stratified into four 15 cm strata in 
the manner previously described. Within each strata, four replications 
of COg uptake and leaf PAR were measured on center leaflets of randomly 
selected trifoliates. Measurements commenced as soon as the dew dried 
from the leaves. 
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Canopy distributions of COg uptake 
Rates of COg uptake were significantly different between Hark and 
Rampage (Table 16). For both canopies the rate of COg uptake showed a 
significant linear and quadratic decrease with time throughout the 
measurement period. The rate of COg uptake decreased rapidly with 
Increasing depth into the canopy causing all orthogonal terms to be 
significant (Table 16). The distributions of COg uptake within Hark 
and Rampage canopies for the times of measurement are shown in Pig. 40. 
Within Hark and Rampage canopies the distribution of CO» uptake was not 
the same. This is shown by the significant cultivar-strata interaction 
(Table 16). The amount of COg uptake was small. It was less than 
5 mg COg dm for the three lower strata of the canopies (Fig. 40). 
The uptake rates were very small on August 24 when eompaged to 
those measured on August 12 in the same planting date with similar 
PAR irradiances. The maximum uptake rate at 1100-1200 CDT for the 
upper stratum of Hark was 73 and 19 mg COg dm hr on August 12 and 24, 
respectively. Two possible reasons for these large differences between 
the two days are: 1) the efficiency factor for correcting the counts 
per sample to mg COg was not valid for comparisons over days, or 2) the 
cool nights previous to the measurements on August 24 may have induced 
a plant response which resulted in a lower apparent photosynthetic rate. 
Canopy distributions of leaf PAR 
Leaf PAR decreased as a linear function of time because the mea­
surements did not commence until 1100 CDT (Table 16). Leaf PAR distri­
butions were the same between Hark and Rampage and the mean of these 
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Table 16. Analysis of variance for leaf PAR and CO2 uptake In Hark 
and Rampage canopies on August 24, 1974 
Source of Calculated F-values 
Variation df Leaf PAR COg Uptake 
Time 2 35 .54** 12. 84** 
Linear 1 73 .75** 18. 46** 
Quadratic 1 5 .32 7. 20* 
Cultivar 1 1 .70 11. 79** 
Strata 3 1430 .82** 417. 16** 
Linear 1 2680 .50** 903. 14** 
Quadratic 1 1355 .59** 301. 97** 
Cubic 1 256 .37** 45. 26** 
T X C 2 0 .63 1. 95 
T X S 6 34 .19** 1. 14 
C X S 3 2 .03 5. 77** 
T X C X S 6 0 .39 1. 04 
Error Mean Square 72 10643 .50 3. 60 
*Slgnifleant at 5% level. 
**Slgnifleant at 1% level. 
two cultlvars is shown in Fig. 41. Because of the rapid decrease 
in PAR Irradiance after the upper stratum, all orthogonal terms were 
significant (Table 16). The time-strata Interaction was caused by the 
irradlances of the 15-30 cm stratum at 1400-1500 CDT being greater 
than the Irradlances at 1100-1200 GDT (Fig, 41), The irradlances in 
these lower strata are very assail and do not result in a significant 
amount of CO^ uptake as compared to the upper stratum. 
In comparing distributions of leaf PAR and COg uptake, it can be 
easily seen that the patterns of both distributions are very similar 
(Figs. 40 and 41). The relationship between leaf PAR and CO^ uptake 
for this day will be discussed in a later section. 
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120 
Canopy distributions of leaf resistances 
The distribution of stomatal resistance within Hark and Rampage 
canopies Is shown In Fig. 42, and the analysis Is given In Table 17. 
Abaxlal stomatal and stomatal resistances were significantly different 
between Hark and Rampage. Since stomatal resistance is calculated 
from adaxlal and abaxlal stomatal resistances using Eq. 7, there Is 
always a highly significant correlation between either adaxlal or 
abaxlal and stomatal resistance. Therefore, If one of the measured 
resistances is different between cultlvarSs then stomatal resistance 
will also be different between cultlvars. 
Table 17. Analysis of variance of leaf stomatal resistances for 
the 3rd planting date canopies of Hark and Rampage on 
August 24, 1974 
Source Calculated F-values 
of Leaf Resistances 
Variation df Adaxlal Abaxlal Stomatal 
Cultivar 1 2.70 17.40** 17.81** 
Strata 3 5.78** 14.35** 17.47** 
Linear 1 16.16** 36.34** 47.00** 
Quadratic 1 0.01 6.64* 5.16* 
Cubic 1 1.20 0.03 0.19 
C X S 3 0.29 1.23 2.00 
Error Mean Square 24 43.03 1.44 0.76 
*Slgnlfleant at 5% level. 
**Slgnlfleant at 1% level. 
Stomatal resistance Increased In a curvilinear trend with increas­
ing depth into the canopy (Fig. 42). For Rampage the stomatal resis­
tance was similar for the upper three strata and then Increased while, 
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for Hark, stomatal resistance increased In the 30-45 and 45-60 cm 
strata. 
Stomatal resistance fot Hark on August 24 was larger than Rampage. 
This is opposite to that observed on other days throughout the season. 
For the upper stratum of Hark, stomatal resistance on August 24 was 
-1 -1 2.9 sec cm , while on other days it was approximately 2.0 sec cm . 
This magnitude of stomatal resistance was normally observed under 
conditions of low PAR irradlance and only under high PAR Irradiances 
when conditions of moisture stress mediated stomatal closure (Figs. 26 
and 38). This increase in stomatal resistance on August 24 suggested 
that the observed COg uptake rates may have been caused by increases 
in stomatal resistance. These increases in stomatal resistances have 
also been observed by Crookston e£ al. (1974) after his plants ware 
subjected to cool temperatures. Since stomatal resistances were 
measured on August 12 at approximately the same time of the day, the 
two days were analyzed to determine if stomatal resistance was dif­
ferent between days. These results are given in Table 18. 
Stomatal resistance was different between days (Table 18) and 
it was larger on August 24 than on August 12. More Importantly, 
there was a highly significant day-cultlvar interaction (Table 18). 
The main difference between days was caused by the Increased resistance 
of Hark on August 24. It is not known why the Rampage stomatal resis­
tance did not exhibit an increase in resistance. This Increased 
stomatal resistance would suggest that reduced COg uptake rates 
observed on August 24 may have been caused by the exposure of the 
plants to cool night temperatures. 
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Table 18. Analysis of variance for the leaf stomatal resistances 
for August 12 and 24, 1974 In the 3rd planting canopies 
of Hark and Rampage 
Source Calculated F-values 
of Leaf Resistances 
Variation df Adaxial Abaxlal Stomatal 
Day 1 9.32** 0.96 5.00* 
Cultlvar 1 0.80 8.99** 5.82** 
Day X Cultlvar 1 19.63** 37.10** 47.93** 
Strata 3 0.16 2.75 2.21 
D X S 3 4.58* 7.37** 13.20** 
C X S 3 2.11 1.29 2.14 
D X C X S 3 0.43 0.44 0.59 
Error Mean Square 48 25.19 1.53 0.73 
*Slgnlfleant at 5% level. 
**Slgnlfleant at 1% level. 
The effect of stomatal closure In reducing COg uptake was more 
noticeable In the upper stratum as compared to the lower strata. Com­
parisons of the COg uptake rates for the Hark canopy at the 1100-1200 
CDT sampling times showed that on August 12 the rates were 73, 5.8, 3.6 
and 1.5 mg CO^ dm ^ hr~^ for the 0-15, 15-30, 30-45 and 45-60 cm strata, 
respectively (Fig. 34). On August 24 for the same strata the uptake 
rates were 20.5, 4.4, 2.5 and 1.0 mg COg dm~\r ^ (Fig. 40). At 1800-
1900 CDT, there were no observable differences in the COg uptake rates 
at any strata between August 12 and 24. This is suggestive that, the 
effect of the cool night may have been removed by this time, or that at 
low PAR irradiances, PAR Irradiance may be the limiting factor. The 
distributions of COg uptake within the Rampage canopies showed the same 
results as did the Hark canopies (Figs. 34 and 40). 
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Canopy Measurements on September 14, 1974 
Only midday measurements (1100-1200 CDT) were made In Hark and 
Rampage canopies on September 14. The weather on September 14 was as 
follows: maximum temperature, 14 C; minimum temperature for the 
previous night, 2.2 C; and open pan evaporation, 0.23 cm. The morning 
of the 14th was cool with a few scattered clouds. 
The distribution of CO^ uptake and leaf PAR were measured within 
four strata of 3rd planting date canopies. The canopies were strat­
ified with the string technique previously described. Measurements 
were Initiated at 1100 CDT and were taken only from 1100-1200 CDT. 
Four replications of each parameter were measured within each strata 
of the canopies. 
Canopy distributions of CO^ uptake 
There were no differences in COg uptake rates between Hark or 
Rampage canopies (Table 19). The distribution or COg uptake wlEhln the 
canopies is shown in Fig. 43. Although, COg uptake rates appear dif­
ferent between Hark and Rampage in Fig. 43, there was a large amount 
of variability in observed rates and it was not possible to detect any 
significant differences between cultlvars. Hark exhibited a slower 
uptake rate than Rampage on September 14. This parameter was usually 
larger for Hark when compared to Rampage on other days. Distribution of 
CO2 uptake within the canopies showed a curvilinear trend, decreasing 
with increasing depth into the canopy (Fig. 43). 
124 
Table 19. Analysis of variance of leaf PAR and CO2 uptake for the 
3rd planting date canopies of Hark and Rampage on September 
14, 1974 
Source of Calculated F-values 
Variation df Leaf PAR COg Uptake 
Cultivar 1 10.42** 3.45 
Strata 3 1614.98** 20.84** 
Linear 1 2942.53** 56.68** 
Quadratic 1 1583.63** 5.27* 
Cubic 1 318.79** 0.55 
C X S 3 10.23** 0.69 
Error Mean Square 24 4685.98 137.17 
^Significant at 5% level. 
**Slgnlfleant at 1% level. 
Canopy distributions of leaf PAR 
Leaf PAR Irradlance received by the leaves was different between 
cultlvars (Table 19). Shown In Fig. 43 Is the distribution of leaf PAR 
for both canopies. Due to rapid attenuation c£ PAR by upper stratiss of 
the canopies, all orthogonal terms were significant (Table 19). The 
cultivar-strata interaction was due to irradlance differences on the 
trifoliates for the lower strata. This irradlance, however, was small 
when compared to that received by the upper stratum. 
The distribution of leaf PAR and CO- uptake did not follow the same 
trends within the canopies as that observed on other days. The rate of 
uptake for the 15-30 cm stratum was larger than what would have been 
expected under similar PAR irradiances. Because canopies were lodged at 
the time of measurements, some sampled leaves may have been exposed to 
higher PAR irradiances prior to the measurements and unknowingly oriented 
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Into a lower PAR regime while the COg uptake measurement was made. 
Uptake rates on September 14 were larger in all strata than 
those observed on August 24 even though the previous nights were 
cooler. Because the canopies were lodged on September 14, no attempt 
was made to analyze for differences between the days. If, cool nights 
cause a reduction in COg uptake, then uptake rates on September 14 
should be the lowest, unless, as suggested by Taylor and Rowley (1971), 
the soybean plants acclimate themselves to conditions of cool night 
temperatures. Most minimum temperatures recorded during late August 
and early September were below normal. The plants may have been 
acclimated to cooler temperature regimes. 
Relationships between Plant Parameters 
The relationships between COg uptake, leaf PAR and leaf resistances 
will be discussed in this section. Because of extreme differences be­
tween strata of the canopies and cultlvars, results have been analyzed 
for each strata and cultlvar separately and also combined to determine 
the canopy response. 
Relationships between leaf PAR and leaf stomatal resistances 
The correlations between leaf PAR and leaf resistances as measured 
on July 18, 1974 are given in Table 20. In this analysis all strata 
were considered. Leaf PAR was negatively correlated with leaf resis­
tances. As leaf PAR Irradlance decreased, stomatal resistance in­
creased. However, as shown in Fig. 27, stomatal resistance did not 
increase during the day until the PAR Irradlance was less than approxl-
- 2 - 1  
mately 100 yE m sec . Both Hark and Rampage showed this relationship 
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Table 20. Simple correlation coefficients between leaf PAR and leaf 
stomatal resistances for Hark and Rampage canopies on 
July 18, 1974 
Leaf Resistances 
Leaf PAR Adaxlal Abaxlal Stomatal 
Hark, n * 80 
Leaf PAR 
Adaxlal 
Abaxlal 
Stomatal 
1.0 
-0.61** 
—0.44** 
-0.53** 
1.0 
0.65** 
0.85** 
1.0 
0.95** 1.0 
Rampage, n « 80 
Leaf PAR 
Adaxlal 
Abaxlal 
Stomatal 
1.0 
-0.55** 
-0.58** 
-0.61** 
1.0 
0.61** 
0.84** 
1.0 
0.92** 1.0 
**Slgnlfleant at 1% level. 
between leaf PAR and stomatal resistance (Table 20). 
Adaxlal and abaxlal stomatal resistances were strongly correlated 
with stomatal resistance (Table 20). This is to be expected since stom­
atal resistance is calculated from adaxlal stomatal and abaxlal stomatal 
resistances using Eq. ?. 
The relationship between leaf PAR and each resistance is given in 
Table 21 for each individual stratum of the canopies on July 18. Only 
adaxlal stomatal resistance was significantly correlated with leaf PAR 
for the 0-15 cm stratum. This occurs because adaxlal stomata are more 
responsive to changes in PAR irradiance than are the abaxlal stomata. 
These results are consistent with findings by Kanemasu and Tanner 
(1969a) and Sharpe (1973). PAR Irradiance at 2050 CDT was not low 
enough to cause abaxlal resistance to Increase. In the 15-30 cm stratum 
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both adaxlal and abaxlal stomatal resistances were significantly 
correlated with leaf PAR for Hark but none were significantly corre­
lated for Rampage (Table 21). 
Table 21. Simple correlation coefficients between leaf FAR and leaf 
stomatal resistances for each individual strata of the 
Hark and Rampage canopies on July 18, 1974 
Cultlvar 
Strata 
(cm) 
Leaf Stomatal Resistances 
Adaxlal Abaxlal Stomatal 
Hark 0-15* -0.58** —0.20 -0.37 
15-30 -0.58** —0.48* -0.49* 
30-45 -0.51* -0.41 -0.47* 
45-60 —0.48* -0.67** -0.71** 
Rampage 0-15 -0.62** -0.18 -0.40 
15-30 -0.38 -0.28 -0.34 
30-45 -0.56** -0.'60** -0.61** 
45-6U -0.11 -0.54** -0.42 
^n « 20 for each strata. 
^Significant at 5% level. 
**Slgnlfleant at 1% level. 
In the two lower strata, leaf reslscances did not show any pattern 
in their relationship to leaf PAR, and this suggests that under con­
stantly lew PAR regimes, stomata ara not ss responsive to changes in 
irradiance because of their position on the plants. This lack of re­
sponse may be the result of leaf age or constant exposure to consis­
tently low irradlances. 
As shown earlier in Fig. 27, stomatal resistance Increased with 
decreasing leaf PAR for upper trlfoliates of both cultlvars. Also, 
in this figure, stomatal resistance remained constant at PAR irradlances 
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greater than 100 yE m ^sec At Irradiances less than this value, 
stomates began to close rapidly. In order to better examine the 
relationship between PAR irradiance and stomatal action, one needs to 
determine the stomatal resistance at lower PAR irradiances than have 
previously been examined. Also, it was not possible from these mea­
surements to ascertain the effect of leaf age on stomatal response to 
changing PAR irradiance. 
Relationships between CO^ uptake and leaf resistance 
Correlations between COg uptake and leaf resistance are given in 
Table 22 for the Hark canopy on August 12, 1974. The Rampage canopy 
parameter relationships were similar, thus only the Hark canopy re­
sponse will be discussed. Carbon dioxide uptake was negatively corre­
lated with adaxial stomatal and stomatal resistance for the first three 
strata. Since the abaxial stomata are not as responsive to changes in 
the environment, abaxial stomatal resistance was significantly corre­
lated with COg uptake for only the upper stratum. There was no rela­
tionship between COg uptake and leaf resistance for the 45-60 cm 
stratum (Table 22). These values were not correlated with leaf PAR 
because of instrument difficulties encountered during the 1800-1900 
CDT time period. There was no relationship In the 45-60 cm stratum 
because low PAR irradiances in this stratum limited both COg uptake and 
stomatal resistance throughout the day. Throughout the measurements, 
there was little deviation In either parameter. Again, stomatal resis-
-2  -1  
tance began to Increase only when PAR decreased below 100 yE m sec . 
Therefore, the effect of increasing stomatal resistance on COg uptake 
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Table 22. Simple correlation coefficients between CO2 uptake, adaxlal, 
abaxlal and stomatal resistance for the 3rd planting date 
canopy of Hark soybeans sampled on August 12, 1974 
Strata CO2 Leaf Resistances 
(cm) Uptake Adaxlal Abaxlal Stomatal 
0-15* CO2 uptake 
Adaxlal 
1.0 
-0.62* 1.0 
Abaxlal -0.67** 0.93** 1.0 
Stomatal —0.66** 0.99** 0.98** 1.0 
15-30 CO2 uptake 
Adaxlal 
1.0 
-0.55* 1.0 
Abaxlal -0.47 0.79** 1.0 
Stomatal -0.53* 0.90** 0.97** 1.0 
30-45 CO2 uptake 
Adaxlal 
1.0 
—0.66** 1.0 
Abaxlal -0.52 0.91** 1.0 
Stomatal -0.58* 0.96** 0.99** 1.0 
45-60 CO2 uptake 
Adaxlal 
1.0 
-0.02 1 = 0 
Abaxlal -0.35 0.47 1.0 
Stomatal -0.26 0.73** 0.94** 1.0 
n = 12 for each strata in the canopy. 
^Significant at 5% level. 
**Signlfleant at 1% level. 
may be secondary to the primary factor of decreasing PAR irradlance 
under conditions when stomatal closure does not occur during the day. 
Carbon dioxide, leaf PAR and leaf resistances were correlated for 
both Hark and Rampage canopies on August 18, 1974. These results are 
given in Table 23. Cultivars were combined on this day because there 
were no observable differences between the two in these parameters. 
Leaf PAR was significantly correlated with COg uptake throughout the 
day. Adaxlal and stomatal resistances were negatively correlated 
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with COg uptake (Table 23). There was no relationship between abaxlal 
stomatal resistance and COg uptake. This Is due to the measurements 
not being continued Into the evening where abaxlal stomata would begin 
to respond to decreasing PAR Irradlances. 
Table 23. Simple correlation coefficients between CO2 uptake, leaf 
PAR and leaf resistances combined over Hark and Rampage 3rd 
planting date canopies on August 18, 1974 
CO2 Leaf Leaf Resistances 
Uptake PAR Adaxlal Abaxlal Stomatal 
C0„ uptake^ 1.0 
Leaf PAR 0.75** 1.0 
Adaxlal -0.42** -0.61** 1.0 
Abaxlal -0.16 -0.26* 0.29* 1.0 
Stomatal -0.43** -0.64** 0.81** 0.72** 1.0 
^n = 60. 
*Slgnlfleant at 5% level. 
««Significant at i% level. 
Leaf PAR was significantly correlated to adaxlal stomatal and stom­
atal resistances (Table 23). This again suggests that abaxlal stomata 
are not as responsive to changes in leaf PAR Irradlances as are adaxlal 
stomata. 
CO2 uptake as a function of leaf PAR for upper trifollates of Hark 
and Rampage canopies on August 18 is shown in Fig. 44. The maximum rate 
-2 -1 
of COg uptake occurred at 2000 jiE a sec and decreased linearly as 
PAR Irradlances decreased. The lack of relationship to a normal light 
saturation curve for leaves may be due to the fact that these are after­
noon readings taken over a period of time. This may cause a confounding 
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of the plant physiological response with changing PAR irradiances. 
The plant may not fix COg as efficiently during the afternoon because 
of decreased sink demand. There is also the possibility that these 
soybean leaves were not light saturated. Although the values for 
COg uptake appear small, they are similar to those observed on August 
12 for the same time periods. 
Relationships between leaf PAR and stomatal resistance are shown 
in Fig. 45 for Hark and Rampage upper trifoliates on August 18. Stom-
atal resistance remained between 1.5 and 3.0 sec cm ^ as PAR irradi-
2 1 
ance varied between 100 and 2000 yE m~ sec (Fig. 45). There was, 
however, more variability in resistance of both cultivars at lower 
PAR irradiances, and there was a general upward trend in stomatal resis­
tances as PAR irradiance decreased. Again, this is suggestive that the 
stomata open at relatively low PAR irradiances (less than 100 yE m ^ 
sec"*) and do not change aperture over a wide range of irradiances 
when moisture stress is not present. 
Relationships between C0„ uptake and leaf PAR 
Table 24 includes correlation coefficients between leaf PAR and 
COg uptake for each of the days when canopy COg distributions were mea­
sured. Each time period and cultivar are considered separately in 
this analysis for each stratum of the canopy. Carbon dioxide uptake 
was highly correlated with leaf PAR for all strata of Hark and Rampage 
canopies on July 16. There is a resemblance to a light saturation 
curve for these leaves (Fig. 46). Due to the lack of data points at 
the low PAR irradiances, however, no relationship of this nature was 
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Table 24. Simple correlation coefficients between leaf PAR and COm 
uptake rates for Hark and Rampage canopies measured during 
the 1974 growing season 
Strata Correlation Coefficient 
Date (cm) n Hark Rampage 
July 16 0-15 27 .55** .45** 
15-30 27 .71** .81** 
30-45 27 .65** .45** 
45-60 27 .88** .98** 
0-60 108 .84** .82** 
August 12^ 0-15 8 .67 .49 
15-30 8 .46 .44 
30-45 8 .76* -.13 
45-60 8 .24 .31 
0-60 32 .95** .94** 
August 18^ 0-15 30 .74** .80** 
August 24 0-15 12 .57** .64** 
15-30 12 -.16 .52 
30-45 12 .38 ,51 
45-60 12 .46 .62* 
0-60 48 .96** .94** 
September 14*^ 0-15 4 .11 .56 
15-30 4 .60 .93 
50=45 4 .57 .85 
45-60 4 .64 .68 
0-60 16 .87** .77** 
*Data Include only 1100-1200 and 1400-1500 CDT time periods. 
^Only top strata of canopy sampled. 
^Date include only 1100-1200 CDT time period. 
*Signifleant at 5% level. 
**Significant at 1% level. 
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tested. Also, because these data were obtained over the day, there 
is also a possibility of a physiological influence on COg uptake rate. 
On July 16 leaf water potentials at the top of the canopy were less 
than -14 bars. This suggests that these uptake values were reduced 
due to moisture stress. The moisture stress which was present may be 
responsible for some of the variability in the COg uptake rate observed 
at the same PAR irradiance (Fig. 46). 
On August 12, 1974 no PAR measurements were taken during the 1800-
1900 CDT time period, therefore, the correlations were calculated from 
the two earlier time periods. Although, as shown in Fig. 34, there 
was a decrease in COg uptake rates for both Hark and Rampage canopies 
from 1100-1200 to 1400-1500 CDT, there was only a slight decrease in 
— ? — 1 
PAR irradiance, 1750 to 1350 jjE m~ sec" . There was a significant 
correlation between leaf PAR and COg uptake only for the 30-45 cm 
stratum of the Hark canopy (Table 24). The lack of significance may 
be explained by the small sample size from which these coefficients 
were calculated. When leaf PAR was related to COg uptake for the canopy 
there was a highly significant correlation (r = .94) between the two 
parameters (Table 24). 
The COg uptake rates as a function of leaf PAR for these two time 
periods are shown in Fig. 47. Carbon dioxide uptake inereased with 
increasing leaf PAR for both Hark and Rampage. It appears that light 
-2  -1  
saturation may be occurring at approximately 2000 yE m sec , but this 
point would have to be resolved with more detailed experimentation. 
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On August 24, 1974, COg uptake was significantly correlated with 
leaf PAR In the 0-15 cm stratum for both cultlvars and In the 45-60 cm 
stratum for the Rampage canopy (Table 24). When all strata were com­
bined, however, correlations between leaf FAR and COg uptake were 0.96 
and 0.94 for Hark and Rampage, respectively. This suggests that In the 
canopy as a whole, leaf PAR and COg uptake are very closely related. 
The lack of relationship between leaf PAR and COg uptake for the Indi­
vidual stratum within the canopy is due to the small range in the COg 
uptake rates and PAR Irradlances throughout the day (Figs. 40 and 41). 
Shown in Fig. 47 are the COg uptake rates as a function of leaf 
PAR for Hark and Rampage upper trifoliates on August 24. There does 
not appear to be any evidence of a saturation Irradiance for these 
leaves. This may be due to Increased stomatal resistance. 
There was no significant correlation between leaf PAR and CO^ up­
take for either Hark or Rampage on September 14. Sample size was small 
and, although there were some large coefficients they were not signifi­
cant (Table 24). Since these measurements were taken at only 1100-1200 
CDT, there was not a range in PAR Irradiance available to each strata 
of the canopy. When the data were coffibined over strata, however, there 
was a significant correlation between leaf PAR and COg uptake. The co­
efficient for the Hark canopy was 0.87 and for Rampage it was 0.77. 
As previously shown in Table 13, there were large differences 
between time of day and CO^ uptake of the canopies. Part of this may 
be explained by the relationship between time of day and PAR irradlances 
as shown in Fig. 17. For August 12 data, which included leaf PAR and 
stomatal resistance measurements for each strata of the canopy. 
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correlations were calculated between each of these parameters for the 
Hark canopy. These results are given In Table 25. Leaf PAR Is 
missing from the 1800-1900 CDT time because of Instrument failure. 
Table 25. Simple correlations between CO2 uptake, leaf PAR and stom­
atal resistance for the 3rd planting date Hark canopy at 
each time measured on August 12, 1974 
Time* 
(Hour, CDT) 
CO2 
Uptake 
Leaf 
PAR 
Stomatal 
Resistance 
1100-1200 CO2 
Leaf PAR 
Stomatal 
1.0 
0.98** 
-0.53* 
1.0 
-0.50* 1.0 
1400-1500 CO2 
Leaf PAR 
Stomatal 
1.0 
0.87** 
-0.44 
1.0 
-0.38 1.0 
1800-1900 CO2 
Leaf PAR 
Stomatal 
1.0 
-0.56* 
1.0 
1.0 
= 16 for each time. 
*Slgnlfleant at 5% level. 
**Slgnlfleant at 1% level. 
The correlation at the 1100-1200 CDT time between leaf PAR and COg 
uptake was 0.98 (Table 25). Similar results were also found for the 
Rampage canopy. Stomatal resistance was negatively correlated with both 
leaf PAR and COg uptake and the coefficients indicate that the relation­
ship between COg uptake and stomatal resistance is caused by PAR irradi-
ances. It appears from the data examined that COg uptake is related 
directly to leaf PAR Irradlances. The amount of uptake is in direct 
proportion to the irradlance providing other physiological and 
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environmental factors are nonllmltlng. For stomatal resistance there 
Is a threshold irradlance above which the stomata are open, although 
stomata may close under high Irradlance due to environmental conditions 
such as moisture stress. 
For the 1400-1500 CDT time, similar relationships between leaf PAR 
and COg uptake were found. Stomatal resistance, however, was not 
correlated with either COg uptake or leaf PAR. 
Regression analysis of canopy COg uptake patterns 
Regression equations were fit to the data to determine the best 
model describing canopy COg uptake patterns for each cultivar. These 
results are given in Table 26. For all days of the study, the best 
model only included an intercept term and leaf PAR. Other variables 
examined for use in the regression equations included time and stomatal 
resistance and the Interactions between these two terms. Only leaf 
FAR was significant. 
On July 16, August 18 and September 14, the regression equations 
accounted for less than 75% of the variation and no other term mea­
sured would increase the coefficient of determination. This suggests 
that on these days, photosynthesis may have been limited by some factor 
other than leaf PAR. Therefore, it will be necessary to ineasure other 
plant parameters, such as mesophyll resistance, in order to completely 
describe the photosynthetic response. 
There were large differences in the bj values for the different 
days described in Table 26. This indicates that the efficiency of the 
photosynthetic process was limited by some plant parameter(s) not 
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Table 26. Regression models to fit the relationship between CO2 uptake 
as a function of leaf PAR for all canopies measured In 1974 
Date Cultivar n R2 u + bj 
Model 
^ (Leaf PAR) 
July 16 Hark 108 71.4 4.38 + 0.015(.001)® 
Rampage 108 68.0 2.66 + 0.012(.001) 
August 12 Hark 32 91.0 2.95 + 0.036(.002) 
Rampage 32 88.3 2.12 + 0.031(.002) 
August 18 Hark 30 54.1 -0.85 + 0.019(.003) 
Rampage 30 64.2 5.72 + 0.013(.002) 
August 24 Hark 48 92.0 2.14 + O.OIO(.OOI) 
Rampage 48 89.1 i.82 + 0.008(.001) 
September 14 Hark 16 75.3 10.88 + 0.017(.003) 
Rampage 16 59.0 15.99 + 0.019(.004) 
^Number in parentheses is standard error of the bj^ term. 
measured in these studies. On July 16, based on leaf water potential 
measurements, it can be postulated that moisture stress was limiting 
CO2 uptake through increased stomacal resistance. This would agree 
with the findings of Boyer (1970a and 1970b). On August 24, due to 
increased storoatal resistance observed during the midday, the cool 
night previous to the measurements may have caused limited COg uptake 
in a manner described by Taylor and Rowley (1971) and Crookston et al. 
(1974). These results are not conclusive, however, since only Hark 
stomatal resistance was significantly larger on August 24. 
Only one time period was measured on September 14 and therefore, 
it was difficult to determine if the coefficients represent a true COg 
uptake-leaf PAR efficiency or an erroneous value because of the large 
Intercept terms for both cultlvars (Table 26). On August 18 the only 
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measurements that were made of COg uptake were in the afternoon when 
PAR irradiances had begun to decrease and therefore, CO^ uptake rates 
at high Irradiances are missing. The regression coefficients were 
largest for both cultivars on August 12 where COg uptake rates were 
greater than 65 mg COg dm-^r ^ at 1100-1200 CDT. The coefficients are 
the largest on this day because the COg uptake was the greatest per 
unit PAR irradiance. These uptake rates may then represent the photo-
synthetic rate without any respiration loss for sunlit soybean leaves. 
These data were not combined over days because the efficiency 
factor for the determination of COg uptake rate was suspect. There 
did not appear to be a light saturation irradiance for the COg uptake 
rate in any of the days. This is difficult to determine, however, 
since uptake rates were confounded with strata of varying leaf age and 
time of day. 
Calculation of Canopy Growth Rate 
As a test of the canopy parameters, the growth rates of Hark and 
Rampage canopies were calculated for a week in August. A simplified 
predictive model, which included only equations for light penetration 
and apparent photosynthesis, was used. The procedure for this predic­
tion was as follows: calculation ô£ thé PAR uistrlbutlca within a 
canopy of known LAI using the Bouguer-Lambert law, calculation of the 
COg uptake rates for each PAR regime using the equations described in 
Table 26, and allowing for 33% of the fixed CO^ to be respired. This 
prediction was integrated over each day for the PAR irradiances shown 
in Fig. 17. 
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Total COg uptake fer the Hark canopy was calculated for a clear 
day. The distribution of PAR used was as shown In Fig. 17 with the 
maximum PAR being 2000 yE m ^sec ^ for a period of one hour centered 
around solar noon. Light distributions for the calculation of the 
PAR penetration into the canopy involved the Bouguer-Lambert law with 
an extinction coefficient of 0.98 as shown in Table 2 for the Hark 
canopy on August 20. The COg uptake at each PAR irradiance was calcu­
lated by use of the equation given in Table 26 for the August 12 
canopy. At this time the canopy was closed and, as suggested by 
Warren Wilson (1967), the upper LAI of 1 unit was considered to be 
sunlit. For this calculation the Hark canopy had a LAI of 4.8 aa 
measured for the 3rd planting date on August 15 (Table 6). The results 
of thesë calculations are given in Table 27. 
Table 27. Calculations of the total CO2 uptake by a Hark canopy as­
suming an incident PAR irradiance of 2000 yE in~2sec~l and a 
LAI of 4.8 
LAI in CO2 Uptake Percent of Total 
Layer (mg CO^ dm'^hr"^) COg Uptake 
1.0 72.0 62.0 
2.0 27.6 24.0 
3.0 10.6 9.2 
4.0 4.0 3.0 
0.8 1.5 0.9 
Total 115.7 100.0 
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As shown In Table 27, 62% of the total COg uptake at solar noon 
occurred in the upper unit of LAI of the canopy. This corresponds to 
the area of the canopy that would be sunlit when the canopy was closed. 
Eighty-six percent of the total COg uptake was accounted for after two , 
LAI units. This represents the upper 43% of the canopy as shown in 
Table 6. Similar results were obtained when the total COg uptake was 
calculated in the Rampage canopy for this theoretical day. Sakamoto 
and Shaw (1967b) and Lemeur (1973) also found that the majority of the 
photosynthesis would occur in the upper portions of the soybean canopy. 
Calculations of the total COg uptake over the entire day indicated 
that the Hark canopy would fix 89.2 g CO^ m~^day \ The populations 
_2 
of plants in the Hark canopy at this time was 36 plants m~ and when 
the theoretical production was extrapolated to a week of growth the 
resulting dry matter increase was calculated to be 7.9 g plant ^week 
Studies on the dry matter increase in the Hark canopy at this time 
showed that growth rate was 5.9 g plant ^week 
The same calculations for Rampage gave a theoretical growth rate 
of 6 . 6  g plant ^week ^ compared to an observed growth rate of 6 . 4  g 
•**1 1 plant" week = The predicted growth rate of Hark deviated the most from 
the actual rate. However, as a gross prediction, this method provides 
a good estimate of the growth rate of the canopy. The Hark canopy 
may have a different respiration rate than the assumed rate of 33% 
which would change the predicted growth rate. These calculations have 
also assumed a clear sky for an entire week. This would overestimate 
the radiation available to the canopies. Especially since it is not 
uncommon to observe convective cloud buildup during Iowa afternoons. 
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SUMMARY AND CONCLUSIONS 
Visible (400-700 nm) radiation was attenuated more rapidly than 
near Infrared (700-1100 nm) radiation within canopies of Corsoy and 
Rampage soybeans. At ground level In the canopy, visible wavelengths 
were attenuated to approximately 10% of the incident irradlance. 
Near-Infrared was reduced to about 50% of incident Irradlance. Within 
a spectral region there were no observable differences in the attenu­
ation patterns of the wavelengths measured in this study. 
Photosynthetically active radiation (PAR) penetration into cano­
pies of Hark and Rampage soybeans was described by the Bouguer-Lambert 
law. The extinction coefficients for this law varied with the size 
of the canopy measured. When the canopies were not closed (LAI = 2.0), 
the coefficients were approximately 0.55 for both cultivars and in­
creased to 1.0 as the canopies became closed. For purposes of predic­
tion of PAR penetration within scybsan canopies thrcughcut the growing 
season, it becomes necessary to know the stage of development. Hark 
and Rampage were difference in their extinction coefficients for only 
one day of the study and on that day. Rampage had a smaller extinction 
coefficient than Hark. This was caused by the Hark canopy having more 
of its total LAI concentrated in the upper strata of the canopy= 
When PAR attenuation patterns were measured in a closed canopy 
throughout the day there were no differences in extinction coefficients 
at various sun angles. This relationship would probably not be true 
when the canopies are not closed because of sunlit leaf area on the 
side of the rows. The majority of PAR irradlance was intercepted by 
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the upper strata of the canopy. Approximately 75% of incident PAR 
was attenuated by the upper 25% of the canopy. 
Profiles of CO^ uptake within Hark and Rampage canopies closely 
followed the distribution of PAR within the canopy. Hence, the rate 
of COg uptake declined veiry rapidly with Increasing depth into the 
canopy. Simple linear regression analysis between PAR and COg uptake 
revealed that the coefficient relating these two factors was different 
for each day of the study in 1974 and the magnitude of the coefficient 
was dependent on the environmental conditions of the particular day. 
On a day with no evident environmental limitations, the coefficent 
was the largest observed throughout the study. Uptake rates in the 
upper stratum of Hark and Rampage were 75 and 65 mg COg dm ^hr \ 
respectively on this day. On all other days, the coefficient was less 
and the uptake rates were lower. With the exception of the measure­
ments in a lodged canopy. Hark exhibited a higher rate of CO2 uptake 
than Rampage. 
On a high atmospheric demand day with low soil moisture supply, 
moisture stress reduced uptake rates since leaf water potentials less 
than -14 bars were observed. When CO^ uptake measurements were made 
in canopies after the plants were exposed to cool temperatures the 
previous night, uptake rates were reduced. This reduction In uptake 
rates was caused by the action of stomatal closure. Stomatal resis­
tances of 3.0 sec cm ^ wars measured on August 24 (previous night tem­
perature, 9 C) in the upper stratum. Resistances of approximately 2.0 
sec cm ^ were usually observed under similar PAR Irradiances and soil 
moisture conditions. For the 1100-1200 CDT time on September 14, 
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COg uptake rates within Hark and Rampage canopies were greater than 
on August 24. This may possibly suggest that the plants may have 
acclimated themselves to cooler temperatures, since night temperatures 
between the two days were below normal temperatures. 
The rate of COg uptake within canopies of Hark and Rampage was 
described by available PAR irradiance for each of these days and, 
although other parameters such as, time of day and stomatal resistance 
were added into the regression equations none would Improve the coef­
ficient of determination. This suggests that more detailed experimen­
tation between PAR and COg uptake, as well as, other canopy parameters 
is needed to clearly resolve relationships between these parameters. 
Distribution of COg uptake within Hark and Rampage canopies 
showed that about 90% of the total COg uptake occurs in the upper 30% 
of the canopy, when the canopies are closed. Neither Hark nor Rampage 
upper leaves clearly showed a light saturation value on any of the 
days of measurements. This may be due to the fact that changing PAR 
irradiances were created by changing sun angles and it would be 
necessary to measure COg uptake at the same time of day under varying 
PAR Irradiances to completely resolve this relationship. 
Both adaxial and abaxlal Htomata open under relatively low PAR 
irradiances i.e., approximately iOO yE m ^sec \ Adaxial stomata are 
more responsive to changes in environmental conditions than are abaxial 
stomate. Profiles of stomatal resistance within the canopies showed 
that resistance increased with depth into the canopy. This increase 
with depth was generally a linear trend and did not resemble the PAR 
irradiance except at extremely low incident PAR irradiances. The 
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stomata in lower portions of the canopy were not as responsive to 
changing PAR regimes as were the upper strata, but it Is not known 
whether this is due to constantly low PAR Irradlance available to 
leaves or leaf age. Stomatal resistance remained relatively constant 
at approximately 2.0 sec cm ^ throughout the day unless moisture 
stress caused closure, this would increase the resistances. Hark 
generally had lower stomatal resistance than Rampage. 
Upper leaves of the canopy, which are more subject to atmospheric 
demand, attain the lowest leaf water potentials throughout the day. 
The minimum leaf water potential occurred between 1400 and 1600 CDT 
and the magnitude of the potential was dependent on soil moisture 
availability and atmospheric demand for that day. On days when both 
cultivars were measured, there was no difference between Hark and 
Rampage. This indicates that these two cultivars respond similarly to 
atmospheric demand. There is evidence, however, that under certain 
conditions of atmospheric demand that these two cultivars would respond 
differently in terms of leaf water potential. 
Throughout the season the plot area was well watered and the maxi­
mum leaf water potential was observed at sunrise. At this time upper 
and lower leaves of the canopy were in equilibrium, generally at the 
same potential. The lower leaves did not attain the same minimum 
potential in the afternoon as upper leaves and as atmospheric demand 
diminished in the evening» the canopies returned to the same poten­
tials . 
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Â theoretical estimate of the growth rates of Hark and Rampage 
was calculated from a simple model which Incorporated PAR attenuation 
and COg uptake canopy distributions. From this model, the dry matter 
increase for one week in August was estimated. The theoretical 
growth rate was 7.1 and the actual was 5.9 g plant ^week ^ for Hark. 
These same calculations for Rampage showed that the theoretical growth 
rate was 6.6, while the actual was 6.4 g plant ^week For this 
week there were no evident environmental limitations to growth and 
the reason for the larger deviation of Hark from the predicted may 
be due to a larger respiration rate than the assumed 33%. These two 
canopy parameters alone would then provide a reasonable estimate of 
the growth rate if clear skies and no other environmental limitations 
were present. These two parameters, however, would provide an over­
estimate of the growth rate over a longer period of time because 
cloudy skies or limited moisture were not considered. 
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APPENDIX 
Table 28. Daily meteorological data collected at the Hinds Irrigation Farm during the 1974 growing 
season 
Temperature (C) 
Deviation^ Deviation* Precip- Open Pan 
From From itation Evap. Wind 
Date Maximum Normal Ulnimum Normal (ram) (mm) (km/day) 
June 
July 
12 22.8 -4.3 6.7 -7.8 
13 23.9 -3.4 13.9 -0.7 13.7 
14 26.7 -0.6 16.1 1.3 
15 31.7 4.2 11.7 -3.2 8.4 
16 21.1 -6.5 9.4 -5.6 
17 20.6 —7.1 6.1 -9.0 
18 24.4 -3.4 8.9 —6.4 
19 29.4 1.5 15.6 0.3 71.6 
20 29.4 1.4 17.2 1.8 14.2 
21 32.8 4.6 20.0 4.4 
22 31.1 2.3 13.9 -1.7 43.2 
23 22.2 —6.2 11.7 -4.1 
24 21.1 -7.4 11.1 -4.7 
25 22.8 -5.8 9.4 -6.5 
26 25.0 -3.7 10.6 -5.4 
27 25.0 —3.8 11.7 -4.4 
28 27.2 -1.7 10.6 -5.6 
29 28.3 -0.7 16.1 -0.2 
30 30.0 0.9 13.3 -3.0 
1 28.3 -0.9 14.4 -2.1 
2 31.7 2.4 14.4 -2.2 
3 35.0 5.6 15.6 — 1*2 0.8 
4 29.4 -0.1 17.8 1.0 17.5 
5 27.2 -2.5 14.4 —2.6 6.3 
49.4 
45.2 
Normals calculated from 1931-1960 Ames, Iowa weather data. 
Table 28—continued 
Temperature (C) 
Deviation^ Deviation® Precip- Open Pan 
From From itatlon Evap. Wind 
Date Maximum Normal Minimum Normal (mm) (mm) (km/day) 
6 28.9 -0.9 16.1 -1.0 4.8 38.8 
7 29.4 -0.5 17.8 0.5 7.3 50.0 
8 33.3 0.3 21.1 3.8 7.4 32.0 
9 35.0 4.9 21.7 4.3 8.1 38.9 
10 35.0 4.7 21.7 4.2 2.0 6.3 35.9 
11 30.0 —0.3 19.4 1.8 5.6 2.3 24.6 
12 29.4 — 1.0 20.6 2.9 3.3 38.5 
13 34.4 3.9 20.0 2.2 6.8 19.0 
14 35.6 5.0 19.4 1.5 8.3 25.9 
15 32.8 2.1 14.4 -3.6 7.6^ 6.2 15.8 
16 30.0 —0.8 12.8 -5.3 6.1 15.4 
17 31.1 0.3 15.0 -3.1 8.5 65.6 
18 37.2 6.3 20.6 2.4 K 9.0 79.8 
19 36.7 5.8 22.8 4.6 6.4 8.2 56.8 
20 36.7 5.8 24.4 6.2 10.7b 9.3 89.6 
21 31.7 1.9 21.7 3.4 4.4 72.6 
22 37.8 7.0 20.6 2.3 9.1 89.9 
23 30.6 -0.2 16.1 -2.2 8.2 59.2 
24 32.8 2.0 19.4 1.1 8.1^ 8.2 60.0 
25 32.2 1.5 20.6 2.4 K 8.4 74.2 
26 31.7 1.0 18.3 0.1 33.0 6.8 21.2 
27 35.0 4.4 15.6 -3.2 9.7 6.5 49.9 
28 26.1 -4.4 17.8 -0.3 9.4 6.5 70.0 
29 30.6 0.2 11.7 -6.4 3.0 9.3 
30 25.6 -4.7 10.6 -7.3 5.8 57.1 
31 25.0 -5.2 11.1 -6.7 6.0 33.0 
^Additional water supplied by irrigation. 
Table 28—continued 
Temperature (C.) 
Deviationa Deviation® Precip- Open Pan 
From From Itatlon Evap. Wind 
Date Maximum Normal MiLnimum Normal (mm) (mm) (km/day) 
August 1 20.6 - 9.4 15.6 -2.2 38.1 3.8 11.7 
2 18.9 -11.0 12.2 -5.5 6.6 2.3 12.9 
3 20.0 - 9.8 11.7 -5.8 0.5 5.3 87.4 
4 15.6 -14.0 12.2 -5.2 5.1 0.4 78.2 
5 23.9 - 5.5 8.3 -9.0 4.3 39.7 
6 23.9 - 5.4 10 0 -7.2 4.1 7.7 
7 26.1 - 3.1 12.2 -4.9 4.3 28.2 
8 25.6 - 3.5 15.0 -1.9 4.1 36.4 
9 23.9 - 5.0 17.8 1.0 31.2 7.1 61.9 
10 25.0 — 3.8 19.4 2.7 5.8 2.6 40.4 
11 27.2 - 1.2 15.0 -1.5 10.7 3.5 23.7 
12 25.6 - 2.7 16.1 -0.3 0.5 6.2 44.6 
13 31.1 2.8 18.3 2.0 5.5 37.8 
14 23.9 - 4.3 15.0 -1.1 3.3 1.9 14.8 
15 28.3 0.1 18.3 2.2 4.5 44.7 
16 26.7 - 1.3 20.0 4.1 0.5 23.2 
17 21.1 — 6.8 11.1 -4.6 9.7 5.1 32.7 
18 21.1 - 6.7 11.1 -4.5 6.4 2.5 27.4 
19 27.8 0.1 13.9 -1.5 0.3 2.6 29.3 
20 30.0 2.4 17.8 2.5 7.3 145.8 
21 31.7 4.2 22.2 4.9 7.6 183.6 
22 31.1 3.7 18.9 3.8 4.0 44.4 
23 25.0 - 2.3 9.4 —5.6 6.4 59.1 
24 23.3 - 4.0 8.9 -5.9 4.9 28.5 
25 26.1 - 1.1 11.7 -3.1 4.8 6.1 105.7 
26 27.2 0.1 21.7 7.1 1.9 89.8 
Table 28—continued 
Temperature (C) 
Deviation® Deviation® Precip­ Open Pan 
From From itation Evap. Wind 
Date Maximum: Normal Minimum Normal (ran) (mm) (km/day) 
August 27 32.2 5.3 14.4 - 0.1 1.8 7.0 93.6 
28 22.8 - 4.0 8.9 - 5.5 5.2 46.0 
29 23.3 — 3.4 8.3 - 6.0 5.9 61.3 
30 21.7 - 5.0 6.7 - 7.4 6.8 61.3 
31 26.1 - 0.4 5.6 - 8.3 3.4 53.7 
September 
1 20.0 — 6.4 8.9 - 4.9 2.8 25.7 
2 16.7 - 9.6 8.9 - 4.7 7.6 1.3 26.2 
3 18.9 - 7.2 1.7 -11.8 2.8 40.4 
4 17.2 - 8.8 1.7 -11.6 2.9 22.2 
5 20.6 - 5.3 2.8 -10.3 4.3 40.2 
6 20.6 - 5.2 6.1 — 6.8 4.2 79.3 
7 16.1 - 9.6 12.2 — 0.6 1.3 0.1 74.2 
8 27.2 1.7 12.2 - 0.5 3.9 28.8 
9 27.8 3.4 13.9 1.3 5.4 50.8 
10 21.7 — 3.6 15.0 2.7 4.3 71.0 
11 27.8 3.6 17.8 5.7 4.6 119.7 
12 23.9 - 1.1 11.7 - 0.1 29.7 5.3 60.7 
13 11.7 -13.2 2.2 - 9.5 6.9 2.9 92.0 
14 13.9 — 10.8 2.2 - 9.2 2.3 38.1 
Table 29. Means of leaf PAR, CO2 intake, aclaxlal resistance and leaf water potential for the Hark 
and Rampage 1st planting date canopies on July 16, 1974 
Adaxial Leaf Water 
Time Strata Leaf PAR CO2 Uptake Resistance Potential 
(&)ur, CDT) Cultiver (cm) (yÈ nr-2sec~l) (mg CO2 dm~2aec'~l) (sec cm" (bars) 
1100-1200 Rampage 0-15 1938.9 24.70 7.1 -12.2 
15-30 1860.6 23.3 11.3 -13.3 
30-45 978.8 10.3 12.6 - 9.5 
45-60 261.4 6.9 29.8 - 7.4 
Hark 0-15 1825.0 35.1 6.3 - 9.7 
15-30 1745.0 34.8 8.5 -10.7 
30-45 699.8 15.8 10.4 - 9.7 
45-60 482.8 10.7 21.0 - 7.5 
1400-1500 Rampage 0-15 2017.8 27.6 6.1 -14.0 
15-30 1797.2 28.6 9.6 -11.8 
30-45 56.4 5.7 12.4 - 9.7 
45-60 41.2 2.0 15.1 -11.5 
Hark 0-15 1932.3 34.9 5.5 -12.0 
15-30 984.2 11.8 6.9 -12.5 
30-45 180.3 6.6 8.0 -11.3 
45-60 32.3 2.7 10.6 -10.7 
1800-1900 Roulage ()-15 1020.0 21.6 8.0 -12.3 
15-30 345.8 4.7 14.2 - 8.9 
30-45 46.1 1.7 23.3 - 7.6 
45-60 20.7 0.8 24.4 - 5.6 
Hark 0-15 1374.4 33.0 7.7 - 9.9 
15-30 95.2 7.8 16.7 - 7.7 
30-45 70.0 2.3 18.8 — 6.1 
45-60 38.1 1.4 21.3 - 6.1 
Table 30. Means of Leaf PAR, COg uptake and leaf resistances of the 3rd planting date canopies of 
Hark and Raiigiiage on August 12, 1974 
Time Strata Leaf PAR CO2 Uptake Leaf Resistances (sec cia~^) 
(&}ur, CDT) Cultivar (cm) (yE nT^gec"!) (mg COg dm" hr""^) Adaxial Abaxial Stomatal 
1100-1200 Rampage 0-15 1597.5 
15-30 70.5 
30-45 10.5 
45-60 9.0 
Hark 0-15 1941.2 
15-30 60.0 
30-45 43.0 
45-60 22.5 
1400-1500 Rauçage 0-15 1473.8 
15-30 30.5 
30-45 40.5 
45-60 1(5.0 
Hark 0-15 1037.5 
15-30 98.8 
30-45 47.5 
45-60 29.2 
1800-1900 Rampage 0-15 
15-30 
30-45 
45-60 
Hark 0-15 
15-30 
30-45 
45-60 
60.7 3.6 3.3 1.7 
4.5 4.5 4.0 2.1 
1.1 9.4 5.0 3.2 
0.7 20.3 7.9 5.7 
73.8 3.4 3.1 1.6 
5.8 5.0 4.1 2.2 
3.6 5.5 4.1 2.3 
1.5 19.2 6.4 4.7 
43.8 4.0 3.8 2.0 
3.1 6.0 4.2 2.5 
1.5 7.2 3.6 2.4 
1.2 18.7 8.9 6.0 
44.8 3.4 3.6 1.8 
7.5 4.4 4.0 2.0 
3.8 6.2 5.4 2.8 
1.8 15.7 7.9 5.2 
12.6 8.6 6.5 3.6 
0.9 22.4 13.3 7.9 
0.4 23.7 19.2 10.6 
0.3 16.1 13.6 7.4 
22.8 5.4 5.3 2.6 
1.5 11.4 7.8 4.6 
0.9 19.4 9.6 6.4 
0.3 17.6 7.5 5.2 
Table 31. Mean of leaf PAR, CO2 uptake and leaf resistances for the upper leaves of 1st and 3rd 
planting date canopies of Hark and Rampage on August 18, 1974 
CO2 Uptake 
Time Planting Lesif PAR mg CO2 Leaf Resistances (sec cnf"^) 
(&)ur, CDT) Cultivar Date (pE nr^sec"!) dm'' hr Adaxlal Abaxlal Stomatal 
1100 Hark 1 1573.0 4.2 3.9 2.0 
1130 Hark 3 1944.0 4.2 4.2 2.1 
1110 Rangiage 1 2068.0 5.2 4.5 2.4 
1120 Eanqtage 3 1632.0 4.7 4.1 2.2 
1230 Hark 1 2018.0 5.8 5.5 2.8 
1300 Hark 3 1522.0 4.9 4.7 2.4 
1240 Raapage 1 1794.0 4.8 4.3 2.2 
1250 Rampage 3 1988.0 4.4 3.9 2.1 
1400 Hark 1 2038.0 4.6 4.1 2.2 
1445 Hark 3 1598.0 5.1 4.7 2.4 
1420 I&aiqpage 1 1838.0 5.3 4.4 2.4 
1435 Ra]q>age 3 1719.0 4.5 4.1 2.1 
1530 Hark 1 1902.0 35.9 4.2 3.7 2.0 
1610 Hark 3 1598.0 33.4 4.3 3.9 2.0 
1545 Rançage 1 1930.0 32.2 4.7 4.2 2.2 
1600 Rang» age 3 1530.0 22.8 4.4 3.8 2.0 
1700 Hark 1 1286.0 19.3 4.5 4.1 2.1 
1745 Hark 3 1350.0 29.4 4.1 3.4 1.8 
1715 Raoqiage 1 1608.0 22.0 4.2 3.5 1.9 
1730 Rançage 3 1280.0 28.5 5.3 3.6 2.1 
1830 Hark 1 720.0 10.6 4.8 4.1 2.2 
1900 Hark 3 196.0 1.3 8.0 4.3 2.8 
1845 Ranqpage 1 183.0 9.5 6.9 3.9 2.5 
1915 Rampage 3 108.0 6.1 12.8 4.2 3.0 
Table 32. Means of Leaf PAR, CO2 uptake and leaf resistances of the 3rd planting date canopies of 
Hark and Raiiq>age on August 24, 1974 
Time Strata Leaf î'AR COg Uptake Leaf Resistances (sec crnT^) 
(Hour, CDT) Cultivar (cm) (yE nT^sec"^) (mg CO2 duT^hr"^) Adaxial Abaxial Stomatal 
1100-1200 
1400-1500 
1800-1900 
lElaiqpage 0-15 1950.0 18.6 
15-30 49.2 4.4 
30-45 44.5 1.5 
45-60 25,8 1.5 
Hark 0-15 2075.0 20.5 
15-30 531.2 4.4 
30-45 34.0 2.5 
45-60 17.8 1.0 
Ran^age 0-15 1712.5 14.8 6.2 3.7 2.3 
15-30 119.5 4.2 6.5 3.8 2.2 
30-45 33.2 1.8 13.0 3.9 2.6 
45-60 25.8 1.8 14.9 6.9 4.6 
lark 0-15 1735.0 22.0 6.6 4.9 2.8 
15-30 84.0 4.7 10.0 4.9 3.1 
30-45 44.8 3.9 18.6 7.0 5.0 
45-60 21.0 1.6 20.6 8.6 6.0 
l^ampage 0-15 1057.5 14.2 
15-30 35.0 1.5 
30-45 25.2 0.9 
45-60 8.2 0.4 
ISark 0-15 1262.5 17.2 
15-30 64.2 2.5 
30-45 12.2 2.5 
45-60 12.6 0.4 
168 
Table 33. Means of. leaf PAR and CO2 uptake for Hark and Rampage 3rd 
planting date canopies on September 14, 1974 
CO2 Uptake 
strata °°2 
Cultivar (cm) (uE nT^sec"^) dm'hr 
Rang* age 0-15 2137.5 56.7 
15-30 41.0 29.4 
30-45 38.5 15.0 
45-60 33.8 6.4 
Hark 0-15 1827.5 46.0 
15-30 50.5 17.0 
30-45 38.2 11.7 
45-60 22.0 5.9 
169 
Table 34. Calculation of Internal standardization efficiency for 
conversion of cptn to mg CO^ 
Counts per Minute 
Replication 
Exposed 
Leaf Disk + STD 
Exposed 
Leaf Disk 
Calculated 
Efficiency* 
1 10631 3798 .099 
2 11244 3741 .109 
3 22327 5824 .240 
4 26035 12908 .191 
5 13613 5291 .121 
6 17336 7358 .145 
7 17890 6399 .167 
Average 17010 6474 .154 
^dpm of 0.5 ml of standard equal to 34329. 
^Efficiency calculated from cpm (STD + exposed) - cpm (exposed) 
dpm (STD) 
